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TRAINING (ASEET) TEAM
ADVANCED Ada WORKSHOP
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JANUARY 24-27, 1989

TUESDAY - 24 JANUARY

8:30-9:00

9:00-12:00
(Break at 10:15)

12:00-1:30

1:30-4:30
(Break at 2:30)

6:30-8:00

Bldg 1002
Room 111

Keesler AFB
Officers’ Club

WEDNESDAY - 25 JANUARY

9:00-12:00
(Break at 10:15)

12:00-2:30

1:30-4:30
(Break at 2:30)

6:30-11:00
(Optional)

Bldg 1002
Room 111

Bldg 1002
Room 148

Welcoming Remarks

General Announcements
Capt Roger Beauman

Software Engineering
Capt David Vega

Capt Michael Simpson
Keesler AFB

Lunch

Software Engineering

Reception

Generics

LCDR Lindy Moran
US Naval Academy
Major Chuck Engle

SEI

Lunch

Generics

Hands-on Project

Lt Dan O'Donnell

Lt Don Princiotta

Lt Kevin McGinty
Keesler AFB Instructors
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THURSDAY - 26 JANUARY

9:00-12:00 Bldg 1002
(Break at 10:15) Room 111

12:00-1:30

1:30-4:30 Bldg 1002
(Break at 2:30) Room 111
9:00-12:00 Bldg 1002

(Break at 10:15) Room 111

12:00 - End of Workshop

Tasking
Capt David Cook
USAF Academy

Lunch

Methodologies for Reuse
Capt Eugene Bingue
Offutt AFB, Nebraska

Exceptions
Major Pat Lawlis
AFIT
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GENERICS

O Why program at all?
0 Why program generically?
O What does generics provide?

[0 How do you write a generic unit?

O Parameterliess Generics
O Parameterized Generics
0 Value and Object Parameters
[0 Type Parameters
O Subprogram Parameters
0 What are the Cons of generics?
O What are the Pros of generics?
[0 What are the unresolved issues?

O How do you teach generics?




Whv program at all?

[J Reusability - a programmed solution
can be used over and over

O Reliability - program can be tested and
verified to ensure correct results for
subsequent runs

O Readability - program formalizes human
solution and represents it in more
abstract readable form

O Maintainability - making a change to
a program ensures that the change is
consistently applied to all problem
solutions




Why program generically?

[0 Reusability - similar program units
needed but different enough to
preclude simply entering differing
values at run time

[1 Reliability - generic unit once tested
and verified does not need to be retested
for each new use or "instantiation”

[0 Readability - using generic unit allows
extraction of the "essence” of the unit
eliminating application specific details
and produces a very uncluttered readable
unit

[0 Maintainability - a change made to the
unit applies to all uses of the unit

O Programming in the large - facilitates
concentration on higher layers of
abstraction by providing reusable
conceptual building blocks
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What does generics provide?

* Templates for conceptual building
blocks

» Remove problem specifics => greater
clarity and understandability of
code |

e Can add levels of abstraction

« Reduces source code size => code
more readable and maintainable

* Facilitates REUSE of software
« Elegant complement to strong typing

* Mechanism for downg [/O
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Creating a 'Need' for Generics
- A Simple Example -

O Long Integers Problem
(] Problem is to be able to add and
multiply non-negative integers of
unlimited digits

O Simple problem to understand

O Creates "cognitive dissonance” and
"need” in student to solve problem

[J Need for generic unbounded stack
1S relativelv chvicus

O Iltustrates lavers of abstraction

O Long Integer - Top Level
[! Original fevel of student focus

[J Stack - Bottom Level
[1 Second level of student focus
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Long Integers Problem

An Example:

. o

\y ~/—/. _ O

Carryv




with Long_Integer_Stack:;
package Long_Integers is

type Long_Integer is private;
function Make_Long_Integer (Numeral : in string) return Long_Integer;

function "+"(First_Long_Integer, Second_Long_Integer : Long_Integer)
return Long_Integer;

function "*" (N : Natural; A_Long_Integer : Long_ Integer)
return Long_Integer:;

function "#*"(First_Long_Integer, Second_Long_Integer : Long_Integer)
return Long_Integer;

procedure Put(A_Long_Integer : in Long_Integer);

private

type Long_Integer is new Long_Integer_ Stack.Stack:;

end Long_ Integers:




th Text_IO;
ckage body Long_Integers is

use Long_Integer_ Stack:;

function Make_Long Integer (Numeral : in string) return Long_Integer is
L : Long_Integer;

begin
Clear(L):
for Position in Numeral'first..Numeral'last loop
Push(character'pos (Numeral (Position))-character'pos{'0'),L):
end loop:;

return L;
end Make_ Long_Integer;

function "+" (First_Long_Integer, Second_Long_Integer : Long_Integer)
return Long_Integer is
ReversedSum, Sum : Long_Integer;

Carry : integer := 0;

SingleColumnSum : integer := 0;

Ll : Long_Integer := First_Long_Integer;

L2 : Long_Integer := Second_Long_Integer:
begin

Clear (ReversedSum) ;
Clear (Sum) ;

while (NOT Is_Empty(Ll)) and (NOT Is_Empty(L2)) loop
SingleColumnSum := Top_Of(Ll) + Top_Of(L2) + Carry;
Push(SingleColumnSum mod 10,ReversedSum) ;
Carry := (SingleColumnSum - (SingleColumnSum mod 10)) / 10;
Pop(Ll):
Pop(Lz);

end loop:

while NOT Is_Empty(Ll) loop

SingleColumnSum := Top_Of(Ll) + Carry:;
Push(SingleColumnSum mod 10,ReversedSum) ;
Carry := (SingleColumnSum - (SingleCzlumnSum modé 1C0)) / 10;
Pop(Ll):

end loop;

while NOT Is_Empty(L2) loop
fingleColumnSum := Top_Cf [l2) -+ Carry;
Push(SingleColumnSum mod 10,ReversedSum) ;
Carry := (SingleColumnSum - (SingleColumnSum mod 10)) / 10;
Pop(L2);

end loop;

if carry = 1 then
Push (1, ReversedSun) ;
end if;

while NOT Is_Empty(ReversedSum) loop
Push(Top_Of (ReversedSum),Sum) ;
Pop (ReversedSum) ;

end loop;

return Sum;
end l|+ ”n ;




end

for Count in 1..N loop
Result := Result + A_Long_Integer;
end loop:

return Result:;
Nin.

function "*" (First_Long_Integer, Second_Long_Integer

return Long_Integer is

Ll : Long_Integer := First Long_Integer;

L2 : Long_Integer := Second _Long_Integer;

Result : Long_Integer := Make _Long_Integer("0");
Digit : integer;

Position : integer := 0;

Temp : Long_Integer;

begin

while NOT Is_Empty(Ll) loop
Digit := Top_Of(Ll):
Pop(Ll1) ;
Position := Position + 1;
Temp := Digit * L2;
for NumberOfTrailingZeros in 2..Position loop

Push (0, Temp) ;
end loop;
Result := Result + Temp:
end loop:

return Result;

end Han :

procedure Put(A_Long_Integer : in Long_Integer) is

Temp, Temp2 : Long_Integer:;

begin

A2

Temp := A_Long_Integer:;

-- reverse contents of Temp into Temp2
while NOT Is_Empty(Temp) loop
Push (Top_ Of (Temp) , Temp2) ;
Pop(Temp),
end loop;

-- print contents of Temp2 on screen

while NOT Is_Empty(Temp2) loop
Text_IC.Put(integer'image(Top_OI(Temp2;; (&;):
Pop (Temp2) ;

end loop:;

end Put;

and Long_Integers;

Long_Integer)




th Long_Integers, Text_IO; use Long_Integers, Text_IO;
ccedure Uselongintegers is

A, B : Long_Integer:;

3in

A := Make_Long_Integer("25012345");

B := Make_Long_Integer("22334455");

Put(A * B);

New_Line;

Put (2*3) ;

i UselongIntegers:




generic
type Item is private;

l package Stack_Sequential Unbounded Unmanaged Noniterator is

type Stack is limited private;

. procedure Copy (From_The_Stack

To_The_Stack
procedure Clear (The_Stack
procedure Push (The_Item

On_The_sStack
procedure Pop (The_Stack

function Is_Equal (Left
Right
function Depth_Of (The_Stack
function Is_Empty (The_Stack
function Top_Of (The_sStack

Overflow : exception;
Underflow : exception:

private
type Node:;
type Stack is access Node:;

in
in
in
in
in

in
in out
in out
in
in out
in out

Stack:;
Stack)
Stack)
Stack)
Stack)

Stack:;
Stack):
Stack):;
Iten;
Stack):
Stack):

return Boolean:
return Natural:;
return Boolean:;
return Item;

2nd Stack_Sequential Unbounded_Unmanaged Noniterator;

[Taken from Software Components with Ada by Grady Booch ]




th Stack_Sequential_Unbounded_Unmanaged Noniterator;
ckage Long_Integer_Stack is new
Stack_Sequential_Unbounded_Unmanaged Noniterator(Item=>integer);




Traditional Programming

Algorithms, Objects, Resources
-- intermixed with --
Problem specifics

\ C -
‘« s © ;
\\ Re“ ,

NS




procedure Swap(X,Y : in out integer)
Temp : integer = X;

begin
X:=Y;
Y := Temp;

end;

procedure Swap(X,Y : in out character)
Temp : character = X;

begin
X:=Y;
Y := Temp;

end;

procedure Swap(X,Y : in out float)
Temp : float = X
begin
X:=Y;
Y := Temp;
end;

type AnArray is array(i..10) of integer;

procedure Swap(X,Y : in out AnArray)
Temp : AnArray = X;

begin
X:=Y;
Y := Temp;

end;

is

is

is

is




Generic Programming

Algorithms, Objects, Resources
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Problem specifics
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Syntax and Sermantics

generic
. . . generic formal parameters . . .
subprogram or package specification;

subprogram or package body




A Generic Swap Procedure

generic
type Element is private;
procedure Swap(X,Y :in out Element);

procedure Swap(X,Y :in out Element) is
Temp : constant Element - X;

begin
X:=Y;
Y := Temp;

end Swap;




!|'!
..

NO!! Generic units not "callable/usable

Explicit
Instantiation

® Creates callable./ usable unit
With Swap;
p-ocedure Example is

procedure CharSwap is new Swap(character):
procedure IntSwap is new Swap(Element=>integer); E

begin

CharSwap(OneLetter, AnotherLetter);
IntSwap(Anlinteger, Anotherlnteger);

§ end Example;




Overloading Instance Names

with Swap;
procedure SwapThings is
X : integer := 5;

Y : integer := 10;
A : character ;= 'A’;
B :character := 'B’;

procedure Exchange is new Swap(character);
procedure Exchange is new Swap({inteser):

begin
Exchange(X,Y):
Exchange(A B):
end;




Data Object:

Generic Unit :

Generic Units
An Analogy
Declaration Instantiation

Type Declaration Object Declaration

type Age is range 0./100; OldAge . Age

Generic Declaration Generic Instantiation

Seneric procedure Dolus is
type Bement 1s privete:  new lusSomelhing

procedure esSomething: EFement =integer)

pracedure oSomething 1s
X Eement,

begin
. gosomelhing .

end [ZaSomelhing:




Explicit Instantiation

generic
type Element is <;
procedure Swap (X,Y :in out Element);
procedure Swap (X,Y :in out Element) is
Temp : Element = X;
begin
X:=Y,;
Y .= Temp;
end;

with Swap;
nrocedure SwapThings is
X :integer = 5;
Y :integer = 10;
A : character ="A’;
B : character =B

begin
Swap(X,)Y); --Wwhy NOT?
Swap(A,B); --param types differ after all

end SwapThings;

[ Requirement to EXPLICITLY instantiate
simplifies compilation of units

— N .

L The explicit instantiation provides
weli-defined locus for rencrting errors
Aariziad frears fessmaictont cnmctitiifiane
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Explicit Instantia

O Permits independent checking of generic
urits and generic instantiations

[ Resolves ambiguity of reference that
might otherwise occur

O Provides better awareness of instances
and improves reliability and readability

with Swap;

prucedure SwapThings is
cinteger = 3;
:intege~ = 10;

. Character ;= 'A’,

B : character =8
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cedure Swap
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end Swap:

begin
Swap(X,YJ); --generic Swap used
Swap(A,E), --local Swap masks generic or
end SwapThings;
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Parameterless Generics
"Cloning" Units

A nongeneric "unique object” Stack package:

package Stack 1s
rocedure Pop(l : out integer);
procedure Push(l : in integer);
function Emptv return boolean;
function Full return boolean;
end Stack;

A non-generic "many objects” solution:

package Stacks is
tvpe Stack is . . .;
procedure Pop(S : in out Stack; ] : out integer);
procedure Push(S : in out Stack: I : in integer):
function Exaptv(S : Stack) return boolean;
function Full(S : Stack! return beolean;

end Stacks;

-- changes must be made to body of package aiso
A sample user program:
procedure StackUp is

Sl S2 :Stack; ltem: integer;

PushfS1,10); Push(S2.5); PopiSi,ltem);




Parameteriess Generics cont.
A generic "many objects” solution:

generic

package Stack is
procedure Pop(l : out integer);
procedure Push(] : in integer);
function Empty return boolean:
function Fu!l return boolean;

end Stack;

-- generic bodv is identical to non-generic one
-- 10 changes have to be made to get manv stacks

A sample user program:

with Stack:
procedure StackUp is
[tem : integer;
package S1 is new Stack;
package S2 is new Stack;
begin
St.Push(10); S2.Push(5};
S1.Pop(item); S2.Pop(ltem);
end StackUp:




Parameterless Generics cont.

0 Stack implementations compared

[J Non-generic package - only one
elaboration and initialization occur

O Generic package - multiple
elaborations and initializations occur
- once for each package

Example: with Text_IO;
package bodv Stack is

begin
Text_I0.Put("New stack created.”):
end Stack:

package S! is new Stack; -- message prints
package SZ 1s new Stack; -- message prints again
pacakge S3 is new Stack; -- message prints again




Creating Library Units
of
Generic Instantiations

-- compile following separately into the library

with Stack;
package S1 is new Stack;

-- S1 is now a usable library unit

with S1; use Si;
procedure StackUp is
Item : integer;
begin
Push(10);
Push(20);
Pop(item):
end StackUp;




Parameterized Generics

O Generic Parameters
O Value and Object Parameters
O Type Parameters

O Subprogram Parameters




Value and Object Parameters

O Value Parameters
O Are of mode IN
[] Serve as lo§a1 constants in
generic units
O Object Parameters
00 Are of mode IN OUT

[J Serve as global objects in
generic units




Value Parameters

generic

Max : 1n integer;

Min : integer; -- default mode 1s IN
procedure BigNSmall(X : in integer);

procedure BigNSmall{X : in integer) is

begin
if X » Max then
Max := X; -- not with mode IN
end if;
if X < Min then
Min = X; -- not with mode IN
end if;

end BigNSmall;




Yalue Parameters
and
Initialization Before Instantiation

O Actual parameters which are to match
with formal generic value parameters
"must” have been initialized before the
instantiation occurs

Example:

generic

Max : in integer;

Min : integer; -- default mode is IN
procedure BigNSmall(X : in integer);

with BigNSmall;

procedure UseBigNSmall is
LocalMin : integer; --no initial value
LocalMax : integer; -- no inftial value
X : integer :=100;

procedure Extremes is new
BigNSmal!(Max=sLocalMax,Min=sLocalMin);
-- run-timeerror occurs due to lack ¢f initiatization IF contents
-- of uninitialized objects raises constraint_error
begin
Extremes(X);
end UseBigNSmall;




Value Parameters
and
Levels of Abstraction

generic
Lower, Upper : in character;
function In_Range(S : in string) return boolean:

function In_Range(S : in string) return boolean is
begin
for I in S'Range loop
if S(I) not in Lower..Upper then
return FALSE;
end if;
end loop;
reiurn TRUE;
end In_Range;

A non-generic version of In_Range:

function In_Range(S : in string; Upper,Lower ;
character) return boolean is
begin
for I in S'Range loop
if S(I) not in Lower .. Upper then
return FALSE;
end if:
end loop;
return TRUE;
end In_Range;




Yalue Parameters
and
Levels of Abstraction cont.

OCompare clarity in user's programs using
generics to add another level of abstraction
in "customized " names for In_Range function

with In_Range;
procedure InBounds is
Name :string(1.4) = "JACK";
Phone :string(1.7) :="6725643";
begin
if In.Range(Name 'A''Z') then ...
if In_Range(Phone,'0’,'9")then . ..
end InBounds;

with In_Range;

procedure InBounds is
Name :string(i.4) = "JACK";
Phone :string(1.7) = "6723542"

function Is_All Upper_Case is new In_Range('4','Z');

function Is_All Lower_Case is new In_Range('a’,'z');

function Is_All_Decimal is new In_Range('0’,'9');
begin

if Is_All Upper_Case(Name)then ...

if Is_All DecimaliPhone) then . ..
end InBounds;

(*In_Fange taken from Ada Laniguage and Hethedology]




Value Parameters

Our Stack Example Revisited

generic
Size : in natural;
package Stacks is
type Stack is limited private;
procedure Push(S : in out Stack; [ : in integer);
procedure Pop(S : in out Stack; I : out integer):
private
subtype NumberOfElements is integer
range 0..Size;
tvpe ElementArray is
array(NumberOfElements) of integer:
type Stack is record
Elements : Element_Arrayv;
Top : NumberO{Elements := (;
end record;
end Stacks:

with Stacks;
precedure StackUp is
packagze SmallStack is new Stacks(5):
pacakge BigStack is new Stack{5000):
begin
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Value Parameters
and
Default Values

(only on VALUE parameters, not OBJECT parameters)
generic
Rows : in positive := 24;
Columns : in positive := 80;
package Terminal is

end Terminal;

-- some possible instantiations

- package MicroTerminal is new Terminal{24,40);

-- using positional notation

package WordProcessor is new
Terminal(Columns=>85,Rows=:66):
-- using named notation

package DefaultTerminal is new Terminal;
-- using the default values of 24 and &0

package NewTerminal iS new
Terminal(X+Y,Z+10);
-- using expressions




Value Parameters
and
The Subtleties of Default Values

What are the outputs of the following?

package CountingPackage is
function NextNum return integer;

generic
Val :integer = NextNum:
procedure Count ;
end CountingPackage;

with Text_IO;

package body CountingPackage ic
CurrentValue :integer = C;
function NextNum return mteger is

begin
CurrentValue =CurrentValue + |
return CurrentValue;
end NextNum;
orocedurs Count is
begin
Tezt_I0Fui_Line(integer'image(Val})
enc Count ;
enc CountingPackage;

with CountingPackage;
procedure StartCounting is
procedure FirsiCount is new CountingPackage Count;
procedure CountAgain is new CountingPackage Count;
begin
FirstCount,;
CountAgain:

ary -1 k.f jnﬂ NL‘-\ Lrw—l




AN IMPLEMENTATION DEPENDENCY

with Text_IO; use Text_IO;
procedure Imp is

Counter : integer := 0;

generic
A : in integer;
B : in integer;
procedure X;

procedure X is

begin
put_line(integer'image(A+B));

end X;

function Next return integer is luk™
begin ¥ Py tio
Counter := Counter + 1; o tQ
return Counter; pl%
end Next: e c
def

procedure InstanceOfX is new X (aullyRamm) ;
begin

InstanceOfX;
end Imp;




Value Parameters
and
Limited Types

(1 Value parameters are constants whose
value is a copy of the value of the
generic actual parameter suppiied
in the instantiation.

L Type of generic formal value parameter
therefore cannot be limited type because
copy of actual parameter value cannot be
assigned to it.

with Text_IO;

generic
MyFile : Text_IO.File_Tvpe: -- NO!
. ocedure Wrong;

-- problem 1s File_Type is [imited private




Object Parameters

A More Useful Example

generic
Control_Block : in out DeviceData;
Kind : in VDU_Kind := Basic_Kind;
package VDU is

end VDU:
with VDU:

procedure ManyVDUs is
‘DeviceTable : array(1..N) of DeviceData;

package YVDU! is new
VDU(DeviceTable(1),Kind_A);

package VDU?2 is new
VDU(DeviceTable(2),Kind_B);

begin

end I;/IanyVDUs;

[*Taken from Ada Language and Methodology by Watt, Wichmann, and Findlay]




Object Parameters
and
Subtleties

[ Object parameters passed by reference
not by copy-restore method

[J Object parameters are “aliases” for their
actual parameter counterparts

Example:

with Text_I0; use Text_IO:
procedure X {s
Global : integer := 99:
procedure Z(Param : in out integer) is
begin
Param := Param + |;
Put_Line(integer'image(Param)):
Put_Line(integer'image(Global)):
end Z:
begin
Z(Global):
end X;

-- output is 100, 99 for copv-restore method
-- output is 100,100 for pass by reference




Object Parameters
and
Subtleties cont.

O Object parameters passed by reference
not by name -- not like Algol's “"copy
rule”

O Address of actual parameter corresponding
to formal generic object parameter is
evaluated ONCE and does not change

[ Using generic object parameter NOT like
doing textual substitution of actual
parameter's name




3 ADDRESS of actual parameter
corresponding to a generic formal object
parameter s evaluated at time of
instantiation




declare
Y : array({1..5) of character := "kitty";
Index : integer := |;
generic

X : in out character;
procedure Replace;

procedure Replace is
beagin

Index := 5;
X:='W; -- X = Y(1), NOT Y{5]
Put(String(Y)j;

end Repiace;

procedure Update is new Replace(Y(Index));
-- Index = | when this instantiation occurs

begin
Undate:
end:




NON-EXAMPLE

declare
Y :arrav(!..5) of character := "kitty";
Index : integer := [;

generic
X : in out character;
procedure Replace;

procedure Replace is

begin
Index := 5;
T{iades) - 'w';
Put(String(Y));

end Replace;

procedure Update is new Replace(¥{ladax) ):
-- Index = | when this instantiation occurs

begin
Update;
end:




declare
subtvpe Siaall is integer range | .. 10;
X : integer := 27;
generic
S : im Small;
procedure Gen;
procedure Gen is
begin
Put("All OK"J;
end Gen;
procedure P is new Gen(X);
-- Constraint_Error raised at time of instant.
begi
P;
end;




declare
subtype Small is integer range |..10;
X :integer := 27;
generic
S:ia ®we Small;
procedure Gen;
procedure Gen is
begin
Put("All OK");
end Gen;
procedure P is new Gen(X);
-- executes OK --
begin
P;
end;




Object Parameters
and
Constraints Imposed

1 Constraints applied to generic {formal
object parameter are those of corresp.
ACTUAL parameter.

declare
subtype Small is integer range 1..10;
X: iateger - 10;

generic
S:im ®we Small;
rocedure Constraints;
procedure Constraints 1s
begin
S:=S5+1;
enc;

procedure ActualConstraint is new
Constraints(X); -- causes NC problem
-- constraints of {AEEEEE apply
begin
ActualConstraint;

!
enG,




declare
subtype Small is integer range 1..10;

X : Smail :- 10;

aeneric

S: im owg Small;
procedure Constraints;
procedure Constraints is
begin

S:=5+1;
end;

procedure ActualConstraint is new
Constraints{X}; -- causes problem
-- constrains of Small apply
begin
ActualConstraint;
end;
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Object Parameters

[J Use not recommended because suffer
from all same falacies as global objects

[ Generic object parameters usually
SHOULD have been regular formal
parameters in the subprogram




Object Parameters cont.

generic
Variable : in out integer;
Limit, ResetValue : in integer;
procedure ResetintegerTemplate;

procedure ResetintegerTemplate is
begin
if Variable > Limit then
Yariable := ResetValue;
end 1f;
end Xesetiniegeriempiaie;

-Better writtenas . . .

generic
Limit, Rnset\’alue- in integer;
procedure Kesetintege platel'\farxah.p :
integer!:

procedure ResetlniegerTemplate(Variable

integer) is
begin
if Variable > Limit then
Variable := ResetValue:
end if;
end ResetIntegerTemplate;

(=" At fom } 1
Ciaken from Ada As a Second Language by Conen

1 0Ul

10 out
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Object Parameters
and
Defined Operations

[J Operations defined on sbject are the
basic or predefined operators defined
for the matching actual type. . . even
if operator redefined for actual type or
parent tvpe of actual type.

with Text_10; use Text_IC;
procedure Notkedefined is

function "+"(L R : integer) return integer is
begin

return L+R+1;
end;

generic

tyvre SomeType is rangs <,
function Plus(L R : SomeType) return SomeType;
function Plus(L R : SomeType) return SomeType is
Pegin

return L & R; -- predefined integer plus
end Plus;

function Plusinstance is new
Plus(SomeTvpe=sinteger);

begin
Put_Line(intsger'imag=(Flusinstance(3,4)));
end:




Type Parameters

O tvpe identifier is range <;
O tvpe rdentifier is digits o;
O tvpe sdentifier is delta o;
O type rdentifrer is (<>);

O tvpe sdentifier is arrav( zypemarkrange o,
.., ypemark range ) of Zypemark

O tvpe rdentifier is array( typemark, . . .,
tvpemark) of tyvpemark

U type rdentifier is access typemark,
O tvpe rden: . f7er is private;
L type rdenti/zer is timited private;

* no SUBtvpes




Integer Type Parameters

O type sdenzifier is range o;

O matches an integer type, predefined or
user-defined

O operations defined are those defined for
integers such as +,-,/,¥*, rem, mod,
negation, abs, », <, =, /=, <=, >=

O attributes defined are those defined for
integers such as ‘first, 'last, 'succ, . . .




Integer Type Parameters
An Example

generic
type IntType is range <;
function Increment(X : IntType) return IntTvpe;

function Increment{X:IntType) return IntType is
begin

return X+1;
end Increment;

with Increment;
procedure IncrementThings 1S

tvpe Age is range 0 .. 130;
tvpe Temp 1s range -1G0 . . 120;

MyAge : Age = 30:
CurrentTemp : Temp = 8§

function YearOlder is new Increment(Age):
function TempUp is new
Increment(IntType=>Temp!;

begin
MyAge := YearOlder(MyAge):
CurrentTemp := TempUp{CurrentTemp);
end IncrementThings;




Float Type Parameters

O type 7denzifier is digits ©;

O matches any floating point type, predefined
or user-defined

O operations defined are those available for
floating point types such as +, -, /, ¥,
¥, negation, abs, 5, <, =, /=, <=, >=

O attributes defined are those available for
floating point types such as ‘'small, 'large,
'digits, ‘mantisa, ‘epsilon, ...

O useful in providing mathematical routines
where user can control the precision used




Float Type Parameters
An Example

generic
type FloatType 1s digits <;
function Sqrt(X : FloatType) return FloatType;

function Sqrt(X : FloatType) return FloatTvpe is
begin

end Sqrt;
~with Sqrt;
procedure Rooting is

tvpe VeryPrecise 1s digits 7;
tvpe Imprecise is digits 3:

X : VervPrecise ;= 0.1234:
Y : Imprecise := §.12;

function ExactRoot i1s new Sqrt(VervPrecise);
functicn RoundRoot is new Sqrt{lmprecise);

begin
X := ExactRoot(X);
Y := RoundRoot(Y);
end Rooting;

I Il mE R Ba S S N S BN S S SR MR S SN SR SR e




Discrete Type Parameters

O type rdentifier is (¢»);

O matches any discrete type -- includes
integer types and enumeration types
(boolean also)

O attributes defined are those available for
any discrete/scalar type such as ‘first,
‘last, ‘succ, 'pred, 'image, 'value, 'pos,
'val

[ operations defined are those defined for
discrete/scalar types such as >, ¢, =, /=,
=, {=




Discrete Type Parameters
An Example

generic
tvpe Element is (¢):
package Sets is
type Set is private;
function Intersection{S{,S2 : Set) return Set;
function Union(S1,52 : Set) return Set:
function Isin(Item : Element; S : Set) return
boolean;
function IsNull(S : Set) return boolean:
private
type Set is array(Element) of boolean;
end Sets:

-- some possible instantiations
package Cha~acterSet is new Sets{character);

package IntegerSet is new Sets({integer);

tvpe Student is (John, Joan, Ann, Sue, . . ., Zip);
package StudentSet is new Sets(Student);




Discrete Type Parameters cont.

O Minimal assumptions about the type
must be made - operations must apply
to ALL discrete types

Example:
generic
type Element is (o);

function Next(X : Element) return Element;

function Next(X : Element) return Element is

begin
X=X+ 1; --notdefined for ALL
-- discrete types
end Next:

Use attributes:

function Next(X : Element) return Element is
begin
if X = Element'Last then
return Element First;
else
return Element'Succ(X);
end if;
end Next;




Constrained Array Type Parameters

0 type sdentifier is array (oypemark, . . .,
typemark) of typemark

(0 matches any constrained array type
where:

1) number of dimensions match,

2) index subtypes of corresponding
dimensions match,

3) bounds in corresponding dimensions
are identical,

4) component types match

O attributes defined are those available for
constrained arrays such as Tirst(n),
'last(n), ‘range(n), 'length(n)

(] operations defined include those available
for constrained arrays such as =, :=, Usiag
slice notation (for one ¢imensional arravs]




Constrained Array Type Parameters
An Example

generic
type Index is range o;
type Component is (<);
type AnArray is array(Jades) of Component;
- LRM 12.1.2(2) only discrete range that is
-- allowed Is a tvpe mark.. . NOT (1..10)etc.
procedure Sort(A : in out AnArray);
procedure Sort(A : in out AnArray) is
Temp : Component;
begin
for 1 in A'first+1 .. A'last loop
for J in A'first..I-1 foop
if A(I) < A(J) then
Temp := A(J);
A(]) = A(D);
A(l) := Temp;
end if;
end loop;
end loop;
end Sort;




~-- in user program

subtype Small is integer range 1..10;

tvpe Age is integer range 0..130;

type AgeArray is arrayv(Small) of Age;

X: AgeArray := (8,0,9,4,50,35,87,97,1,124);

procedure AgeSort {s new
Sort({Index=sSmall,

Component=>Age,
AnArray=>AgeArrav);

AgeSort(X): ...




T

Unconstrained Array Type
Parameters

O type rdentifier is array(tyvpemarkrange ¢,
..., Lypemark range o) of typemark

O matches any unconstrained array where:
1) number of dimensions the same
2) subtype of index for corresponding
dimensions is the same
3) component types match

O attributes defined are those available for
unconstrained arrays such as 'first(n),
'last(n), ‘'range(n), 'length(n)

O operations defined include those available
for unconstrained arrays such as -, :=,
using slice notation (for one dimensional
typearrays)




Unconstrained Array Type
Parameters

An Example
generic
type Index is range <;
type Component is range <;
type AnArray is array(Index range <>) of
Component;
procedure Sort(A : in out AnArrav);
procedure Sort(A : in out AnArray) is
Temp : Component;
begin
for ] in A'First+1 .. A'Last lcop
for Jin A'First .. I-1 loop
if A(I) < A(J) then

Temp := A(]);
A(]) = A(1);
A(l) := Temp;
end if;
end loop;
end [oo0p;

end Sori:




--1n user's pregram

tvpe Age is range 0..130;
tvpe EmploveeNumber is range 1..100;
tvpe EmpList is arrav(EmploveeNumber range <)
of Age;
procedure EmployeeAgeSort is new
Sort({Index->EmployeeNumber,
Component=>Age,
AnArray=>EmpList);

Emplovees : EmpList(5..50) = (... .);

... EmployeeAgeSort(Emplovees); . . .




Private Type Parameters

O type rdentifier is private;

[0 matches any constrained type except a
limited type

O operations available are onlv declaring
objects of the type, testing for equality
and inequality, and assigning values te
objects of the type




Private Type Parameters
An Example

generic
type Index is (¢);
type Component is private;
type AnArray is array(Index) of Component;
function Found(A : AnArray; T : Component)
return boolean;
function Found(A : AnArray; T : Component)
return boolean is
begin
for I in A'First..A'Last {oop
if A(I) = T then
return TRUE;
end if;
end loop;
return FALSE:;
end Found;




--in user's program

tvpe Student is { Joan, John,Sue,....Debbie);
tvpe Grade is range 0..100;

tvpe GradeArray is arrav{Student) of Grade;

function GradeMade is new
Found(Index=:Student,
Component=>Grade,
AnArray=:GradeArray);

Grades : GradeArrav := {....);

if GradeMade(Grades,100) then . ..




Private Type Parameters cont.
and
Restrictions Imposed

What's wrong here?

generic

type Index is (¢<>);

type Component is private;

type Int_Array is array(Index) of Component;
procedure Sort_Array(Arr : in out Int_Array);

procedure Sort_Array(Arr : in out Int_Array) is
Temp : Component;
begin
for I in Index'Succ(Arr'First)..Arr'Last loop
for J in Arr'First..Index'Pred(I) loop
if Arr(I) < Ar(J) then
Temp := Arr(]);
Arr(]) == Arc(l);
Arr(l) := Temp;
end if;
end loop;
end loop;
end Sort_Array;




--in user's program

tvpe Student is (Joan, John,Sue,....Debbie);
tvpe Grade is range 0..100;
tvpe GradeArray is arrav{Student) of Grade;
function GradeMade is new
Found(Index=->Student,
Component=>Grade,
AnArray=>GradeArray);

Grades : GradeArray := (... .);

if GradeMade(Grades,100) then . ..




Private Type Parameters
Another Caution

What's wrong here?

generic
type Element is private;
procedure Swap(X,Y : in out Element);

procedure Swap(X.Y : in out Element) is
Temp : Element;
begin
Temp := X;
X:=Y;
Y := Temp;
end Swap;

-- in user's program
HerName : string(1..5) := "Lindy";
HisName : string(1..5) := "Chuck";

procedure NameSwap is new Swap(string):
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procedure NameSwap(X,Y : in out string) is
Temp : gtriag; -- OOPS!
begin
Temp := X;
X:=Y;
Y := Temp;
end NameSwap;




generic
type Element is private;
procedure Swap(X,Y : in out Element);

procedure Swap(X,Y : in out Element) is
Temp : constant Element := X;

begin
X:=Y;
Y := Temp;

end Swap;
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procedure NameSwap(X,Y : in out string) is
Temp : comstant string :- X;

begin
X:=Y;
Y := Temp;

end NameSwap;




Limited Private Type Parameters

[ matches any type including a limited
type

O only declaration of objects of the type
permitted and NOTHING else




Access Type Parameters

O matches any access type

U operations defined for access types
available such as setting object to null,
use of NEW allocator, use of .ALL notation




Access Type Parameters
An Example

generic
type Node is private,
type Link is access Node;
package List is

end List;

type STudent,;
type StudentPointer is access Student;
type STudent is
record
NextStudent, PriorStudent | SludeniFoinier:
Name : string{t. 20"
Age  integer,
ena recorda,

package StudentPackage is new
List(Noce=>Student, Link=>SiudentPointer);




Generic Formal Type Parameters
A Svnopsis

Generic formal parameter Actual parameter

tvpe T is limited private; anv tvpe

tvpe T is private; anv non-limited type
type T is (¢); any discrete type
tvpe T is rangeo; any integer type
type T is digits o; any {loat tvpe

type T 1s delta < any fixed point tvpe

(*Taksn from ada Language and Methodology by Watt, Wichman,
and Findlay]




Type Parameters
and
The Standard Generic 10 Packages

package Text_IO is
... non- generic part of Text_IO

generic
type NUM is range «;
package Integer_I0 is

end Integer_IO;

generic
type NUM is digits «;
package Float_IO is

end Float_IO;

generic
tvpe NUM is delta <;
package Fixed_IO 1s

end Fixed_IO;
generic

type ENUM is (¢);
package Enumeration_IO is

end Enumeration_IO;
end Texi_10:




type X 1s digits <;

type X srange < 1? a'?
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tvpe X 18 limited private;

How Do I Choose777

tvpe X 18- i
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Subprogram Parameters
An Example

generic
type Index is (©);
type Component is private;
type Int_Array is arrav(Index range ) of
Component;
with function "<"(X,Y:Component)
return boolean;
procedure Sort_Array(Arr : in out Int_Array);

procedure Sort_Array(Arr : in out Int_Array) is
Temp : Component;
begin
for I in Index'Succ(Arc'First)..Arr'Last foop
for J in Arr'First..Index'Pred{I) loop
if Arc(l) ¢ Ar(J) then
Temp = Arri[);
Arcl]) = Ar (1)
Arc(l) :~ Temp;
end if;
end loop;
end loop;
end Sort_Array;




Generic Formal Type Parameters
How To Choose?

[0 What operations are performed on the
type in the generic body?

O How restrictive on the type that the user
can choose do you want to be?




Subprogram Parameters

O allow definition and "pass in" of
additional operations for generic
formal type parameters - especially
private and limited private types

[J can pass functions or procedures

O formal parameters of generic formal
subprogram parameter are checked to
ensure match with actual parameters

in a call to that subprogram at compile
time




Subprogram Parameters

StudentRec
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Subprogram Parameters - cont.

type Anindex is range 1.1 00;

type StudentRec is record
Age natural;
QPR : float;
tudentNumber : natural;
end recorg;

type StudentArray is arravi{Anindex range ¢) of StudentRec;
function LT(X Y StudentBec) return boolean is
begin
return X StudentNumber < Y StudentNumber;
enc LT

function, <X Y - StudentRec) return boolear: is

begin
return X QPR « VOPR:
end “¢";

procecdiure NumberSort is new Sort_Arres
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procedure QPR _Sort i new Sort_Array
(Incex=>Anindex, Component=>StudentRec,
Antrray=>StudentArray, <" = "¢);

StudentData : StudentArray(1.30) ={( .. )
begin
NumberSort(StudentData):
QPR_Sort(StudentData):
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Subprogram Parameters
and
Default Values

generic
tvpe Index is (¢);
tvpe Component is private;
tvpe Int_Array is array(Index range <) of
Component;
with function "<"(X,Y:Component)
return boolean i3 ¢5;

procedure Sort_Array(Arr : in out AnArray);

--in yser's program

function "<"(X,Y : StudentRec) return boolean is
begin

return X.QPR <« Y.QPR:
end "<";

procedure DefaultSort is new Sort_Array
(Index=»>AnlIndex,Component->StudentRec,
AnArray=>StudentArray);

DefaultSort(StudentData); -- will sort on
-- QPR values




Subprogram Parameters
and
Default Values

--in user's program

function LessThan(X,Y : StudentRec) return
boolean is
begin
return X.QPR < Y.QPR;
end LessThan;

generic
- tvpe Index is ():
tvpe Component is private;
tvpe Int_Array is arrav(Index range <) of
Component;
with fuacticn "<"(X,Y:Component!
recurn boolean §g LessThasz;
procedure Sort_Arrav(Arr : in out AnArrav!:

procedure DefaultSert is new Sort_Array
(Index=>Anlndex,Component=>StudentRec,
AnArray=>StudentArray):

DefaultSort{StudentData); -- will sort on
-- QPR values




Subprogram Parameters
and
Default Values cont.

Another example:

type SmaliRange is range [..10;
type Values is array(SmaliRange range <) of
integer;

procedure IntegerSort is new Sort_Array
(Index=>SmallRange, Component=»>integer,
Int_Array=>Values);

V: Values(5.9) = (....);
begin

IntegerSort(V); -- default "<" for integers used
end;

-- using Put for subprogram paramester name
-- results in default to generic Put routines
-- in the [0 packages




Subprogram Parameters
and
Subtleties of Default Values

[ Global references inside a generic are
resolved to those at point of DECLARATION.

O For subprogram parameters, default
references resolve to matching names from
point of INSTANTIATION.




NAMING CONFUSION

with Text_IO; use Text_IO;
procedure Doubles is

generic

with procedure Rmigme®aipg-(Char : in character);
with procedure oumilltigy (Value: in integer);
procedure GenericOne;

procedure GenericOne is

begin
DoSomething('A') ;
DoSomething (10) ;

end GenericOne;

procedure FirstSomething(Char : in character) is
begin

null;
end FirstSomething;

procedure SecondSomething(Char : in integer) is .
begin L
null; “of=
end SecondSomething; y ’(”OF)
procedure InstanceOfGenericOne is new

GenericOne TS Eae->F i rstSomething , TARENGUNEES:~>SecondSomething)

begin
InstanceOfGenericoOne;
end Doubles;




with Text_10; use Text_lO;
package Shell is
Global : integer := 17;
generic
with procedure Put(Val : integer) is ©;
procedure Demo;
end Shell;

package body Shell is
procedure Demo is
begin
Put(Global);
end Demo;
end Shell;
with Shell;
package Inner is
Global : integer := 39;
procedure Put(l : integer);

procedure User {s new Shell.Demo;
end Inner:

with Text_[0;
package bodv Inner is
procecure Put{l : integer) is
begin
Text_I0.Put("Surarise” & integer ' image(I));
end Put;
end Inner;

... Inner.User; ..




Subprogram Parameters
and
Nesting Generic Units
An Example

generic
type KeyType is private;
type ElementType is private;
with function "<"(Left,Right : KeyType)
return boolean 1s <;
package BinarvTreeMaker is
tvpe Kind is private;
function Make return Kind;
function IsEmptv(T : Kind) return boolean:
procedure Insert(T : in out Kind;
K : KevTvpe;
E : ElementTvpe);
function Retrieve(T : Kind; K : KeyType)
return ElementType:
KevNotFound : exception:

generic
with procedure Operation(K : KeyType;
E : ElementType);

procedure InorderTraverse(TheTree: in Kind);
private

type InternalRecord:

tvpe Kind {s access IniernalRecord;
end BinarvTreeMaker;

v 2 Cemmenn T T al -, A thien o0
* -t Lo Thbbal
R . e ot :

-
-1 - Vne - Dv\f_'," s~ g, trem A m -
cewP st mete e WP LD AT L — L

2 aw® o wean e,

“




with EmploveeDataBase; use EmploveeDataBase;

with Text_IO; use Text_IO;

procedure PrintReports is
package SalarylO is new Fixed_IO{Dollar);
package AgelO is new Integer_I0({AgeTvpel;
use SalarvIQO, AgelO;

procedure PrintSalarv{Keyv : NameTvype:
Info : Employeelnfo) is

begin
... Put{Info.Salarv);

end;

procedure Print AgelKev : NameType;
Info : Emplioveelnfo) is

begin
... Put(Info.Age);

end;

procec¢ure KeportSalaries 1s new
EmployeeTree.InorderTraverse
(Operation=> PrintSaiarv):

procedure ReportAge is new
EmployeeTree.InorderTraverse
(Operation=> PrintAge);
begin
ReportSalaries(RootNode);
New_Line;
ReportAges(RootNode):
end PrintReports;
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‘

with BinaryTreeMaker;
package EmployeeDataBase is
NameLength : constant := 40;
subtype NameType is string{1..NameLength);
tvpe Dollar is delta 0.01 range 0.0..1.0eS§;
tvpe AgeType is range 0 .. 150;
tvpe YearTvpe is range 1900..2100;
tvpe Emploveelnfo is record
Salary : Dollar;
Age : AgeTvpe;
Hired : YearType;
end record;

package EmployeeTree is new
BinaryTreeMaker{KevType=>NameType,
ElementTvpe=>Emploveelnfo);

RootNode : EmployeeTree.Kind;
end EmployeeDataBase;

[Taken from Understanding Adz bv Brav and Pokrass;




Subprogram Parameters
and
Handling Exceptions

generic
package Stack is
... Same as before

Overflow, Underflow : exception;
end Stack;

-- 1N USer's program

package S1 is new Stack;
package S2 is new Stack;

begin
S{.Push(5);
S2.Pop(ltem;:
exception
vhen S!.Underflow = . . ;
when S1.Overfiow =» .. .;
when S2.Underflow =» . . ;
when S2.0verflow => . . .;
end;




Subprogram Parameters
and
Handling Exceptions cont.

[J Cannot pass exceptions as generic parameter

generic
When_Error : exception; -- NOT allowed

procedure X . ..

exception
when others =» raise When_Error;
end X:

My _Exception : exception;
procedure S is new X(My_Exception);

begin
S;
exception
when My_Exception=> ...; -- NOT allowed
end;




Subprogram Paremeters
and
Handling Exceptions cont.

generic

with procedure OverflowHandler;
package Stack is

. . . Same as before;
end Stack:

package body Stack is

... in Push procedure . . .
when Constraint_Error => OverflowHandler:

end Stack:

-- in user program
with Stack;

procedure OverflowHandler is
begin
Text_[0.Put_Line("Overfilow has occurred !
end Over{lowHand ler:
package S| is new Stack(OverflowHandler):

bezin

S1.Push(5); -- if overflow occurs rsg prints
end;




Generic Can'ts

(] No generic SUBtvpe parameters, only TYPEs
(0 No generic record types
[0 No generic tasks
O Wrap a package around it

0 "...Adaprovides formal types for all

classes of type GREEPE Feeord andd task
types. The major reason for this is that

it is not clear that reasonable criteria for
matching exist for these tvpe classes -
criteria that would be consistent with the
degree of type checking performed
elsewhere, vet at the same time have a good
probability of being usable for manyv actual
record types and task tvpes.” LRM 12.4.2




Q> —

-
M a -
(0 4-d —
=Y O G- +
Q) <N O
o—— Pt
MQ OION @
Cl. - v N
- — W — o W
il Fab) o i © L
h..“ TN 0
C. 2 63 T ¢ -
‘D S & < G -~ =
€. L o 2 O <
QD SR %3 o AT S
D £ g © s 3 e 2
. m — (@) Q.w N 1 U e —
- © ©» Ty T U R @© .- NI > _
G g pnangN I N - Mo e
o —_— S p— ~— e S s up
- oSO =T e T @ Pye <
- D et c = oW Lo &
e 42 <Xr n I -= G- o o 2 WD Mo T 1
- © ¢n -~ 9 .. G-t S S DR e
+-2 b naw - 7T O HJ D\ B CRRNEPZY B - x
T S o & O - - = nE s 5 O w2 = =
~ Q - (I © L 0 s o 3 D QA S O
< wa 2592 P O-" e e O o ..
- 3 Mt - k- g ! —
)] g QJ 0y & ré L3 9 LT 2 ﬂ @ Gl 'm_ |
£ 0 J o F S B Oy >3 RIS o £
58S ass 2 25687 L0 o g
) it >~ 8 Lo palo A
—_— e 23 SooC —d 3 "= I Q© L
(3 &) D 3 a0 | 4> € e = - 22
i = L o D -~ C > @ @ OO x._ B A..U,‘ o ©
b~ ConShH o oTOo S oA a o S D
D > o=~ My - e S S M
C oo ) L 45 QL O L S TS B 22
D N c 5
o Q D =1




when Count > 0 =
accept Read(C : out [tem) do

C = Pool{Out_Index):
end;

Qut_Index := (Qut_index mod Size) + 1

Count := Count - 1
or
terminate;
end select
end loop;
end Buffer;
end On_Buffers;

s — — —— — ———— — —— —— — — — —— — — —— ——— — — —— — f— - S . —S— — — — S Sp— P o— —

package Character_Buffering is new
On_Buffers(item=>character, Size=>100);

A_Buffer : Character_Buffering Buffer;

[Taken from Ada Rationale]
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Generic Formal Parameters

and
Static Uses
00 Generic foermal parameters and their
atiributes NOT allowed constituents
of siatic expressions.
U No use in case aiternatives, type r
ficating point precisions, etc. (See
4.9)
declars
generic
X . integer;
procedure Choice(Va! mteger‘),
procedure Choice(Val @ inleger)is
becin
case Val is
when X => | ~- illegal usage
when others =>
end case;
d Choice;

procedure Testinstance is new Choice(X=>5);

begin

estinstance(Val=>8):
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Generic Formal Parameters
and
Static Uses (continued)

declare

generic
X integer,

package More_lllegai_Uses
type Length is range 1.. ><;
type Precision is digits X;
N . constant =X

end More_lilegal_Uses;

package S is new More_lilegal_Uses(3);
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What are the Cons of Generics?

[0 Takes longer/is harder to write generic code

[0 Usvally some efficiency sacrificed for
the generality -- use of application
specifics could lead to increased efficiency

O Difficult to make component robust/reliable
enough to survive all uses




What are the Pros of generics?

[J Reusability - no reinventing the wheel
for each specific application

O Levels of abstraction added - separation
of abstraction and implementation

O Source code size of user programs reduced
0 Maintainability, readability, and
understandability increased
O Verification more manageable

[0 When used in conjunction with user-defined
types increases portability across machines

O Provides necessary answer to strong tvping
without sacrificing increased reliability of
compile time checks

i Proviges flexible 10 packages which can
be used (if needed; for predelined AND
user-deiined tvpes




Generics Philosophy

(From Ada Rationale)

. Whereas such packages are likely
to be utilizec¢ by LARGE classes of USERS,
it shouid be realized ihat FEWER

programmers will actually be invoived in
WRITING generic packages. Accordingly
we have tried to design a facility that
be almost 1 gﬁo ed by the ma‘o"z-v of users
They must ! know how to tnstantiate
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n the other hand, theyv need not be
familiar with the rules and precautions
necessary for writing generic units.”
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0 Construction of general-purpose
oarameterized packages, procedures and

functions
O Units Lo be used by large ciasses of users

O Fewer programmers actualiy involved in
writing generic units
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More on the Generic Model

O Users of generic units should be ablc to
ignore details of generic body entirely

0 Errors should be reported to user in
terms of the instantiation not body
0 Generic body checked for consistency
with respect to formal paramet
specifications

te
er




Unresolved Issues in Generics

O Compiler Issues

[ Use "code sharing” or "code copying” to
implement generics

[0 Management Issues
(1 How to faciiitate creation of generic units
i In retrospect, after recognizing
similarity in produced units

[ Beforehand using "domain analysis”

[l How to manage storage and retrieval
of units in a library of generic units

[0 How to "publicize” availability of
units in generic librarv and provide
criterion for selecting proper unit

(1 How to manage updating of used generic
units as "bugs” are uncovered

[0 Legal Issues
[0 Who owns the generic module

[0 Who is liable for the generic module's
performance
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How do you TEACH generics?

[J Necessary as 10 is an {ssue arising 2arly
anc should not be kept a "magic” process

[0 One kev is to use concrete examples
O Driver's licence form is a generic
template -- individual's license is
a usable instantiation

O One key is to tie to previous learning

O Use old/familiar packages, procedures,
and functions - Stacks, Swap, etc.




with Text_IO, Binary_Search_Trees; use Text_IO;

peg

" procedure MidTree is

type AlphaType is range 1..4000;
type CompanyType is range 1..36;
subtype NameType is string(l..20);
subtype MajorType is string(l..4):

type MidRec is record

Alpha : AlphaType:
Name : NameType:
Company : CompanyType:’
Major : MajorType:;

end record:

package AlphalIO is new Integer_ IO (AlphaType):
package CompanyIO is new Integer_IO(CompanyType):;
use AlphaIO, CompanyIO;

MidFile : File_Type:
MRec : MidRec:

package MidTreePkg is new Binary Search_Trees(Itemtype=>MidRec)
use MidTreePkg:

MidshipmanTree : Tree;

function "<"(Left,Right : in MidRec) return boolean is
begin

return Left.Name < Right.Name;
end |l<|| -

procedure Add is new Insert("<"=>"<");

procedure Print(M : in out MidRec) is
begin

Put_Line(M.Name) ;
end Print:

- 7%

procedure Namelisit is new ILNR Traversal({Visic=>Print);

Ope"\“*uf‘-e,-u Tile,"sysS$fac:[moran.play)mids.dat");
while NOT end_ c* ‘;-e(Mld.-‘e) loop
Get (Midrile,Mxec. rlphe};
Get(MidFile,MRec.Name) ;
Get (MidFile,MRec.Company) ;
Get (MidFile,MRec.Major):
Skip_Line(MidFile);
Add (MidshipmanTree,MRec) ;
end loop;
Close(MidFile);

Namelist (MidshipmanTree) ;

end;
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with Text_IO, Binary_Search_Trees; use Text_IO;
procedure MoviesTree is

type CategoryType is (AD, DR, CL, SF, MU, MY):
subtype IDType is string(l..5):

subtype LengthType is integer range 0..300;
subtype YearType is integer range 1800..1988;
type RatingType is (PG,R,G,NR);

subtype TitleType is string(l..80);

type MovieRec is record
Category : CategoryType:

ID : IDType:
Length ¢ LengthType:
Rating : RatingType:
Year : YearType:
Title : Titletype:

end record;

package IntIO is new Integer_IO(integer);

package CategoryIO is new Enumeration_IO(CategoryType) :
package RatingIO is new Enumeration_IO(RatingType) ;

use IntlO, CategoryIO, RatingIO:;

MovieFile : File_Type;

MRec : MovieRec:;

Filler : character:;

Count : natural;

Temp -: string(l..80);

Blanks : string(l..80) := (others=>' ');

Commando, BearIsland, Daniel, Flashpoint, MassAppeal : MovieRec;

package MovieTreePkg is new Binary Search Trees(Itemtype=>MovieRec! ;
use MovieTreePkg;

MovieTree : Tree;

function "<"(Left,Right : in MovieRez) return kooclean is
becgin

return Left.Title < Richt.Title;
end |l<" ;
functicn EQ/Lefxt,Right : in MovieRec) return boclearn is
begin

return Left.Title = Right.Titl.e;
end EQ:;

procedure Add is new InsertByKey ("<"=>"<");
procedure Print(M : in out MovieRec) is
begin
Put_Line(M.Title);
end Print;
Frocedure NamelList is new LNR_Traversal{Visit=>Print):;

procedure Remove is new RemoveByKey ("<"=>"<" EQ=>EQ);

begin
Commandc.Title := Blanks:;




Daniel.Title(l1..6) := "Daniel":
Flashpoint.Title := Blanks;
Flashpoint.Title(1..10) := "Flashpoint";
MassAppeal.Title := Blanks;
MassAppeal.Title(l..11) := "Mass Appeal®;

Open(MovieFile,In _File,"movies.dat");
while NOT end_of flle(Mov1eF11e) loop
Get (MovieFile, MRec. Category):
Get (MovieFile,Filler);
Get (MovieFile,MRec.ID);
Get (MovieFile,Filler):
Get (MovieFile,MRec.Length) ;
Get (MovieFile,Filler):
Get (MovieFile,MRec.Rating);
Get (MovieFile,Filler):;
Get (MovieFile,MRec.Year);
Get (MovieFile,Filler):
Get_Line(MovieFile, Temp, Count) ;
MRec.Title := Blanks;

MRec.Title(l..Count) := Temp(l..Count);
Add (MovieTree,MRec) ;
end loop;

Close (MovieFile);

NameList (MovieTree) ;
Remove (MovieTree,BearIsland) ;
Remove (MovieTree,Daniel);
Remove (MovieTree,Flashpoint);
Remove (MovieTree,MassaAppeal) ;
Remove (MovieTree, Commando) ;
NamelList (MovieTree) :

end;
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generic
type ItemType is private:;
package Binary_Search_Trees is
type Tree is private;
generic
procedure InsertByKey (T : in out Tree;
generic
procedure NLR Traversal (T : in Tree):
generic
procedure LNR_Traversal(T : in Tree):

generic

procedure LRN Traversal(T : in Tree):;

procedure Clear(T : out Tree);

generic

with function EQ(Left,Right : in Itemtype) return boolean;
with function "<"(Left,Right : in Itemtype)

procedure RemoveByKey(T : in out Tree;

with procedure Visit(Item : in out Itemtype)

with procedure Visit(Item : in out Itemtype):

-

with procedure Visit(Item : in out Itemtype):

function Left_Son(T : in Tree) return Tree;

function Right_Son(T : in Tree;

return Tree;

fonction GetRootlata (T : in Tree) return ItenType:

e TreeStTructure;

e Tree ls access TreeStructure;
nary_Search_Trees;

package body Binary_Search_Trees is

type TreeStructure is record

Item : Itemtype;
LeftSon : Tree := null;
RightSon : Tree := null;

end record;

procedure InsertByKey(T : in out Tree;
begin
i£ T = null then

Item : in Itemtype)

-- found leaf positicn where Item to be inserted

~- Ccreate new leaf and insert it

with function "<" (Left,Right : in Itemtype) return boolean is <>
Item : in Itemtype)

procedure Share(OriginalTree : in Tree; SharingTree : out Tree):

return booclean;
tem : in Itemtvpe):

ir
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else
-- go down right subtree
InsertByKey (T.RightSon,Iten):;
end if;

exception
when Storage_Error => raise Out_Of Memory;
end InsertByKey:

procedure NLR Traversal(T : in Tree) is
begin
if T /= null then
Visit(T.Item):
NLR Traversal(T.LeftSon):;
NLR_Traversal (T.RightSon);
end if;
end NLR_Traversal;

procedure LNR_Traversal(T : in Tree) is
begin
if T /= null then
LNR_ Traversal(T.LeftSon):;
Visit(T.Item);
LNR_Traversal (T.RightSon);
end if;
end LNR Traversal;

procedure LRN_Traversal(T : in Tree) is
begin
if T /= null then
LRN_Traversal (T.LeftSon):
LRN Traversal(T.RightSon);
Visit(T.Item);
end if;
end LRN_Traversal;

procedure Share(OriginalTree : in Tree; SharingTree
begin

SharingTree := OricinalTree;
end Share:

procedure Zlear(T : out Tree) is
begin
T := null;

ené Clear;

Father, ReplacerentItem : Tree:
begin
if T = null then
-- do nothing...item not in the tree
null;
elsif EQ(Item, T.Item) then
if (T.RightSon=null) and (T.LeftSon=null) then

T := null;
else -=- jitem not a leaf

if T.LeftSon /= null then
Father := T;
ReplacementItem := T.LeftSon;

out Tree)

procecure RemoveByKey(T : in out Tree; Item : in ItemType) is

-~ go left and then right as far as possible to find
-- replacement "value" to put in deleted place

is

-~ item is a leaf...no reattachment of children necessary




-~ transfer replacement value up into position
T.Item := ReplacementItem.Item;

-=- reattach children of replacement value that
-- was pulled up

if Father = T then

T.LeftSon := ReplacementlItem.leftSon:
else

Father.RightSon := ReplacementItem.LeftSon:
end if;

else
-- go right and then left as far as possikle =tz fir
-- replacement "value" to put in deleted place
Father := T;
ReplacementItem := T.RightSon:
while ReplacementlItem.LeftSon /= null loop

Father := ReplacementItem;
ReplacementItem := ReplacementItem.LeftSor:
end loop:;

-- transfer replacement value up into position
T.Item := ReplacementItem.Item;

-- reattach children of replacement value that
-- was pulled up

if Father = T then

T.RightSon := ReplacementItem.RightSon;
else
Father.LeftSon := ReplacementItem.RightSon:;
end if;
end if;

end if;
elsif Item < T.Item then
== go down left subtree
RemoveByKey (T.LeftSon,Item);
else
-- go down right subtree
RemoveByKey (T.RightSon, Item) ;
end if;
end RemoveByKey;

function Left_Son(T : irn Tree) return Tree is
begin

if T

-

= nu.l then
rzise Null Tree;
else

return T.LeftScn;

s it E.
enc

-

end LeIit_Son:

function Richt_Son(T : in Tree) return Tree is
begin
if T = null then
raise Null Tree;
else
return T.RightSon:
end 1if;
end Right_Son;

function ISEmpty(T : in Tree) return boolean is
begin

return T = null;
end IsEmpty:

function GetRootDa%a(T : in Tree) return ItemType is




return T.Item;
end i¢;
end GetRootData:;

end Binary_Search_Trees:;




with Lists, Text_IO; use Text_IO;
procedure MoviesList is

type CategoryType is (AD, DR, CL, SF, MU, MY);
subtype IDType is string(l..5);

subtype LengthType is integer range 0..300;
subtype YearType is integer range 1800..1988;
type RatingType is (PG,R,G,NR);

subtype TitleType is string(1..80);

type MovieRec is record
Category : CategoryType:

ID ¢ IDTvpe:
Length : LengthType;
Rating : RatingType:;
Year : YearType;
Title : Titletype:

end record:;

package IntIO is new Integer_IO(integer):

package CategoryIO is new Enumeration_IO(CategoryType)
package RatingIO is new Enumeration_IO(RatingType);

use IntIO, CategoryIO, RatingIO;

MovieFile : File_Type:;

MRec : MovieRec;

Filler : character;

Count : natural;

Temp : string(l..80):;

Blanks : string(l1..80) := (others=>' ');

function Get_Title(Movie : MovieRec) return Titletype;
function "<"(Left, Right : TitleTyvpe) return boolean;
function EQ{Left, Right : TitleType) return boolean:;

package MovielistPkg is new Lists(Item=>MovieRec,
KeyType=>TitleTvpe,
Key=>Get Title,
LE=>"<", "EQ=>E( . ;

C s w
use McoviellstPkey
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functicn Get_Title(Movie : MovieRec) return TitleType is
bec.n

return Movie.Title;
end Get_Title;

function "<"(Left,Right : TitleType) return boolean is
begin

return Left < Right;
end "<";

function EQ(Left,Right : TitleType) return boclean :s
begin

return Left = Right;
end EQ:;

begin
Open(MovieFile,In_File,"movies.dat");




Get (MovieFile,Filler):
Get (MovieFile,MRec.Llength):
Get (MovieFile,Filler):
Get (MovieFile,MRec.Rating) ;
Get (MovieFile,Filler):
Get (MovieFile,MRec.Year):
Get (MovieFile,Filler):
Get_Line(MovieFile,Temp,Count):;
MRec.Title := Blanks;
MRec.Title(l..Count) := Temp(l..Count);
Put (MRec.Title(1l..Count));
InsertInOrderInList (Movielist,MRec);
end loop:
Close(MovieFile);

end;




——

-- Module : Lists

-=- Author : LCDR MORAN

-= Date : 29 SEP 1987

-- Function : Implements basic operations on a singly linked list.
generic

type Item is private;
type KeyType is private;

with function LE (Keyl, Key2 KeyType) return boolean;
with function EQ(Key.. Key2 KeyType) return boolean:
package Lists is

with function Key(Anltem : Item) return KeyType;

subtype Count is nat— ..
type ListPointer :: privace,

procedure Copy(PointerToOriginallList : in ListPointer:
PointerToCopylist : out ListPointer);

procedure Clear(PointerToThelist : in out L.stPointer):

procedure Share(PointerToOriginallist,
PcinterToSharingList : in out ListPointer):

procedure InsertAtHeadOfList (PointerToThelist in out ListPointer;

TheItemToBelnserted in Item):;
procedure InsertAtTailOflist (PointerToThelist : in out ListPointer:
TheItemToBelnserted : in Item);

in out ListPointer

. -
in Iter';

procedure InsertInOrderInList (PointerToThelist
TheItemToBelInserted

procedure RemoveFromHeadOfList {PointerTcTheliszt

)
[
ot
]
ot
M
H

RemovecItem
rocedure RemoveFromTailOfList({PocinterToThelist in cut ListPointer;
\
FemovedI=er : cut Izerm)
procedure kemcveByKeyFronmlist (PcinterTcThelist Tin cut ListPclnter
renmcvedItern out Item;
Kevvalue : irn KeyType):
function AreEcual (PointerToll, PcinterTol2 : ListPointer) return boclezn

function IsEmpty(PcinterTol : ListPointer) return boolean;
function LengthOf(PointerTol : ListPointer) return Count;

function Frececessor(PointerToAList, Pointer.oAlNoce : ListPointer)
return ListPointer;

function Successor(PointerToAlList, PointerToANcde : ListPointer)
return ListPointer:;

function GetData(PointerToANode : ListPointer) return Item;

EmptyList : exception:




private
type ListNode:;
type ListPointer is access ListNode;

end Lists;




——

-~ Module : Lists
-= Author : LCDR MORAN
-= Date : 29 SEP 1987

-- Function Implements basic operations on a singly linked list.
with Unchecked Deallocation;
package body Lists is

type ListNode is record

Data : Item:;

NextPointer : ListPointer:;
end record;

function Successor (PointerToAlList, PointerToANode : ListPointer)
return ListPointer is
begin
return PointerToANode.NextPointer;
end Successor:;

function Predecessor (PointerToAList, PointerToANode : ListPointer)
return lListPointer is
Prior, Temp : ListPointer := PointerToAlList:
begin
if PointerToANode = PointerToAList then
return null;

else
while Temp /= null and Temp /= PointerToANode loop
Prior := Temp:;
Temp := Temp.NextPointer;
end loop:

if Temp /= null then
return Prior:
else
return null;
end if;
end if;
end Predecessor;

function GetData({PcinterToANode : ListPcinter) return Item is
becgin
if PcinterToANode /= null then
return PcinterToiNode.Datz;
end if;
end GetDate;

procedure Dispose is new Unchecked Dezllocation(ListNode,ListPcinter;;

procedure Copy(PcirnterToOriginallist : in ListPointer:
FPointerToCopyList : out ListPointer) is
Temp : LisiPointer := PointerToOriginallist;

LastAddedPtr : ListPointer:
NewNodePtr : ListPointer;
begin

PointerToCopyList := null;

while Temp /= null loop
-- make the new node and copy the data into it
NewNodePtr := new ListNode;
NewNodePtr.Data := Temp.Data;

if Temp = PointerToOriginallist then -- add the first node
PointerToCopyList := NewNodePtr;




else -- add other than the £first nos
LastAddedPtr.NextPointer := NewNodePtr;
end if;
Temp := Temp.NextPointer:; -- move to next node in crig. 11
LastAddedPtr := NewNodePtr; ~- keep track of last node added
end loop;
end Copy:
procedure Clear(PointerToThelist : in out ListPointer) is
Temp, Trail : ListPointer := PointerToThelist;
begin

while Temp /= null loop
Trail := Temp:
Temp := Temp.NextPointer;
Dispose(Trail):

end loop;

PointerToThelist := null;
end Clear:;

procedure Share(PointerToOriginallist,
PointerToSharinglist : in out ListPointer) is
begin
PointerToSharinglist := PointerToOriginallist;
end Share;

function IsEmpty(PointerToLl : ListPointer) return boolean is
begin

return (PointerTol = null):
end ISEmpty;

procedure InsertAtHeadOfList (PointerToThelist : in out ListPointer;
TheItemToBelnserted : in Item) is

PointerToNewNodeToBeInserted : ListPointer;

begin
PointerToNewNodeToBeInserted := new ListNode;
PointerToNewNodeToBelInserted.Datz := TheltemToBelnserted;
if NOT IsEmpty(PcinterTcThelList) then
PointerToNewNodeToBeInserted.NextPcinter := PointerTcThells=:
end if;
PointerToThelist := PointerToNewNodeToBelnserted;

end InsertAtHeadOflis%;

(=]

OfList (PointerTcThelist ¢ in out ListPointer;
TheItemToBeInserted : in Item) is

TempPointer : ListPcinter;

PointerToNewNodeToBeInserted : ListPointer;

procedure InsertAtTai

begin
PointerToNewNodeToBeInserted := new ListNode:
PointerToNewNodeToBeInserted.Data := TheltemToBelnserted;

if IsEmpty(PointerToThelist) then
InsertAtHeadOfLlist (PointerToThelist, TheltemToBeInserted) ;

else
TempPointer := PointerToThelist;
while TempPointer.NextPointer /= null
loop
TempPointer := TempPointer.NextPointer;
end loop:
TempPointer.NextPointer := PointerToNewNodeToBelInserted;




enéd if;
end InsertAtTailoflist;

procedure InsertInOrderInlist (PointerToThelist : in out ListPointer:
TheItemToBelInserted : in Item) is
Temp, Tra.l : ListPointer := PointerToThelist;
PointerToTheNewNodeToBeInserted : ListPointer;
begin
if IsEmpty(PcinterTcThelist) or else
(NOT LE(Key(PointerToThelList.Data),Key(TheItemToBelnserted))) ther
InsertAtHeadOflist (PointerTcThelList,TheltemToBelnserted) ;
else
while (Temp /= null) and then
(LE (Key (Temp.Data) ,Key (TheltemToBeInserted))) loop
Trail := Temp:
Temp := Temp. NextP01nter,
end loop:
PointerToTheNewNoceToBeInserted := new ListNode;
PointerToTheNewNodeToBelInserted.Data := TheItemToBeInserted;
Trail.NextPointer := PointerToTheNewNodeToBelInserted;
PointerToTheNewNodeToBelInserted.NextPointer := Temp;
end if;
end InsertInOrderInlist:

procedure RemoveFromHeadOfList (PointerToTheList in out ListPointer;
RemovedItem out Item) is
Temp : ListPointer := PointerToThelist:
begin
if IsEmpty(Po;nte*Tomhed‘ t) then
raise EmptylList
else
RerovedItem := PointerToThelist.Data:
PointerToThelist := PointerToThelist.NextPointer;
Dispose{Temp):
end if
end RemoveFromHeadO List;

procedure RemovelromTailOflist (PcinterTcThelist in out ListPointer:
Remcvedztem out Item) is
ListPointer;

- e s

TcThelist; then

e

is
Th
ad

r
T
e-*s-.iextP:;::er = null thexn

0 © (PcinterTcThelist, Removed

~

OO

“ten):

TempPointer := PointerTcThelist
while TempPointer.NextPointer /— null
loop
PriorPointer := TempPointer;
TempPointer := TempPointer.NextPointer;
end loop:
RemovedItem := TempPointer.Data:;
Dispose (TempPointer);
PriorPointer.NextPointer := null;
end 1f;
end RemcveFromTailOfList;

procedure RemoveByKeyFrcmList (PointerToThelList : in out ListPointer;
RemcvedItem : out Item:




KeyValue : in Keytype) is
TempPointer, PriorPointer : ListPointer:;
begin
if IsEmpty(PointerToThelist) then
raise Emptylist:
elsif EQ(Key(PointerToThelList.Data),KeyValue) then
' RemoveFromHeadOfList (PointerToThelist, RemovedItem) ;
else
TempPointer := PointerToThelist;
while (TempPointer /= null) and then
(NOT EQ(Key(TempPointer.Data),h KeyValue))
" loop
PriorPointer := TempPointer:
TempPointer := TempPointer.NextPointer;
end loop:;
if TempPointer /= null then
RemovedItem := TempPointer.Data;
PriorPointer.NextPointer := TempPointer.NextPointer;
Dispose(TempPointer) ;
else
raise Emptylist;
end if;
end if;
end RemoveByKeyFromList;

function AreEqual (PointerToll, PointerTol2 : ListPointer) return boolean i
TempPointerToll : ListPointer := PointerToll:
TempPointerTol2 : ListPointer := PointerTol2;
begin
while (TempPointerTolLl.Data = TempPointerTol2.Data) and
(TempPointerToll /= null) and (TempPointerTol2 /= null)
locp
TempPointerTolLl := TempPointerToLl.NextPointer;
TempPointerTol2 := TempPointerTol2.NextPointer;
end loop:
if (TempPointerTolLl
return true;
elsif (TempPointerToll = null) and (TempPointerTol2 /= null) then
return false;

null) and (TempPointerTol2 = null) then

elsif (TempPcinterToll /= null) and (TempPointerTcl2 = null) then
return false;

else
return (TempPointerToLl.Data = TempPointerTol2.Dz%a):;

end if;

end 2reEqual;

function LengthOf (PointerTolL : ListPointer) return Count is
TempPointer : ListPointer := PointerTol;
Length : Count := 0;
begin
while TempPointer /= null
loop
Length := Length + 1;
TempPointer := TempPointer.NextPointer:
end loop:;
return Length;
end LengthoOf;

end Lists;




1R D=
with Lists;
package Polynomials is

subtype CoefficientType is integer;
subtype ExponentType is integer;

 type Term is record
Coefficient : CoefficientType;
Exponent : ExponentType;
end record;
function ExponentValue(ATerm : Term) return ExponentTvpe:;
function LE(Exponentl, Exponent2 : ExponentType) return boolean;
function EQ(Exponentl, Exponent2 : ExponentType) return boolean;
package Polynoimiallists is new Lists(Item=>Term,KeyType=>ExponentTvpe,
Key => ExponentValue) :
use Polynomiallists;
subtype Polynomial is ListPointer;
function CreatePolynomial (InputFile : string) return Polynomizl;

function "+"(P1,P2 : Polyvnomial) return Polynomial;

procedure Put (P : in Polynomial):;

end Polynomials;




with Text_IO; use Text_IO;
package body Polynomials is

function NoMoreTerms (P : Polynomial) return boolean renames

Polynomiallists.IsEmpty:

function TermValue(P : Polynomial) return Term renames

PolynomialLists.GetData:;

procedure AddTermToPolynomial (P

in out Polynomial; ATerm : in Term)

renames Polynomiallists.InsertInOrderInlList;

function MoreTerms(P : Polynomial) return boolean is

begin
return NOT (NoMoreTerms(P)):
end MoreTerms:

function ExponentValue (ATerm : Term) return ExponentType is

begin
return ATerm.Exponent:
end ExponentValue;

function CoefficientValue(ATerm
begin

return ATerm.Coefficient;
end CoefficientValue;

function LE(Exponentl, Exponent2
begin

return Exponentl <= Exponent2
end LE;

function EQ(Exponentl, Exponent2
begin

return Exponentl = Exponent2;
end EQ:

function CreatePolynorieal (InputF
-Term : Term;
PclvnomialFile : file type:;
P : Polynomial;

.
’

.
-

Term) return CoefficientType is

ExponentType) return boolean is

ExponentType) return boolean is

e : string) return Fclynomial is

package Int_ICU Is new Integer_IO(integer);

use Int IC;
begin

Open(Polynom:.zlFile,In _File,InputFile);
while NOT end of file(PolynomialFile)

loop

Get (PolynomialFile,ATerm.Coefficient, ;

Get (PolynomialFile,ATerm.Exponent);

if ATerm.Coefficient /= 0 then
AddTermToPolynomial (P,ATerm) ;

end if;
end loop:;
return P;
exception

when Name_Error=>Put_Line("ERROR - Nonexistent file"):
when Data_Error=>Put_Line("ERROR - Data error in file");

end CreatePolynomial;

function "+"(P1,P2 : Polynomial) return Polynomial 1is




S —

Templ : Polynomial := Pl;

Temp2 : Polynomial := P2;

Sum : Polynomial;

Tail : Polynomial:;
begin

if IsEmpty(Fl) then
Copy (P2, Sum) ;
elsif IsEmpty(P2) then
Copy (P1,Sum) ;
else
while (MoreTerms(Templ) and MoreTerms (Temp2))
loop
while (MoreTerms (Templ) and MoreTerms(Temp2)) and then
(ExponentValue (TermValue (Templ) )=ExponentValue (TermValue (Temp2,
loop
if (CoefficientValue(TermValue(Templ)) +
CoefficientValue(TermValue(Temp2))) /= 0 then
AddTermToPolynomial (Sum, (CoefficientValue (TermValue(Templ))
+CoefficientValue(TermValue (Temp2)) .
ExponentValue (TermValue (Templi))) )

end if;

Templ := Successor(Pl,Templ):

Temp2 := Successor(P2,Temp2):
end lnop:

while (MoreTerms(Templ) and MoreTerms(Temp2)) and then
(ExponentValue (TermValue (Templ) ) <ExponentValue (TermValue (Temp2)
loop
AddTermToPolynomial (Sum, (CoefficientValue (TermValue (Templ
ExponentValue (TermValue (Templ)))
Templ := Successor(Pl,Templ):;
end loop;

)
)

while (MoreTerms (Templ) and McreTerms (Temp2)) and then
(ExponentValue (TermValue (Temp2) ) <ExponentValue (TermValue (Templ:

loop
AddTermToPolynomial (Sum, (CoefficientValue(TermValue (Te:p2

ExponentValue (TermValue (Temg2) ))

Temp2z := Successor(P2,Temp2};

enc loop:

endé loop:

)1
) .

I3

while McreTerms (Templ) ioop
KédTermToPolynormial {Sum, (CoefficientValue(TermValue (Templ)),
ExponentVzlue (TermValue (Templ))))
Templ := Successor (Pl,Templ);
end loop;

return Sum;
end ll,ll ’.

procedure Put(P : in Polynomial) is
Tenmp : Polynomial := P;
package Int_JIO is new Integer IO(integer);
use Int_IO;

begin




while MoreTerms (Temp) 1loop

if CoefficientValue(TermValue(Temp)) > O then
Put{t+');

end if;
Put(CoefficientValue(TermValue (Tenp)),0):
Put(“XA“) ;
Put (ExponentValue (TermValue(Tenmp)),0)
Temp := Successor(P,Temp):;

end loop:;

end Put;

end Polynomials;




X
|

with Polynomials, Text_IO: use Polynomials, Text IO;
procedure AddPolynomials is

FirstPolynomial,SecondPolynomial : string(i..30) :=

" " e
[

procedure GetPolynomialFileName(FileName : out string) is
NumChars : natural;
TFileName : string(l..30):
begin
New_Line(2);
Put_Line("Enter filename where a polynomial is located.");
Get_Line(TFileName,NumChars) ;
FileName := TFilename(l..NumChars):
end GetPolynomialFileName;

begin
New_Page;
GetPolynomialFileName (FirstPolynomial);
GetPolynomialFileName (SecondPolynomial) ;
Put (CreatePolynomial (FirstPolynomial) + CreatePolynomial (SecondPolynomial;
end AddPolynomials;




generic
type Item is private;
type Index is (<>);
type Items is array(Index range <>) of Item;
with function "<" (Left : in Iterx;
Right : in Item) return Boolean;
package Heap_Sort is

procedure Sort (The_Items : in out Items):;

end Heap_Sort;

generic
type Item 1is private;
type Index is (<>);
type Items is array(Index range <>) of Item;
with function "<" (Left : in Item:;

) Right in Item) return Boolean;
package Quick_sSort is

procedure Sort (The_Items : in out Items);

end Quick_Sort;

ceneric
type Item is private:
type Index is (<>);
tvpe Items is array(Index range <>) of Item;
with function "<" (Left : in Item:;
Right : in Item) return Boolean:
package Binary_ Insertion_Sort is

procedure Sort (The_Items : in out Items);

end Binary_Insertion_Sort;

[Taken from Software Components with Ada by Grady Booch)




generic

type Key is limited private:;

type Item is limited private;

type Index is (<>);

type Items is array(Index range <>) of Item;

with function Is_Equal (Left : in Key:

o : Right : in Item) return Boolean;

package Sequential_ Search is

function Location_Of (The_Key : in Rey:
In_The_Items : in Items) return Index;

item;Not_Found : exception;

end Seguential_ Search;

generic
type Key is limited private;
type Item is limited private;
type Index is (<>):
type Items is array(Index range <>) of Item;

with function Is_Egqual (Left : in Key:

Right : in Item) return Boolean;
with function Is_Less_Than (Left : in Key;

Right : in Item) return Boclean;

package Ordered_Sequential Search is

function Location_Of (The_Key : in Key:
In_The_Items : in Items) return Index;

tem_ Not_ Found : exception:

end Ordered_ Seguential_Search:;

eneric
type Kev is limited private;
type Itex is lirited private;
type Index is (<>j;
type Items is array(Index rance <>) of Item;
with function Is Equal (Left : in Key:
_ Right : in Item) return Boclean;
with functicn Is_Less_Than (Left : in Rey;
Right : in Item) return Boclean:

nN

sackage Binary Search is

function Location_0Z (The_ Key : in Key;
In_The_Items : in Items) return Index;

tem_Not_Found : exception;

:nd Binary Search;

fTaken from Softwzre Components witr Ada by

~ =5
Grady Booc
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task [type) [is
{entry_declaration}
{representation_clause}

end (task_simple_name] ]

task body task_simple_name is
(declarative_part]
begin )
[sequence_of_statements]
[exception
exception_handler
{exception_handler})
end (task_simple_name];
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SimPLEST ForRM oF Task ENTRY

ACCEPT
Task T1 1s
ENTRY ENTRYIL;
END T1;

Task sopy T1 1s
BEGIN :
LOOP

ACCePT ENTRYL po
<S0S>

eEND ENTRY1;
<S0S»>

END LOOP;
END T1;
~-WAIT FOREVER FOR caALL To ENTRYI

16
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Task T1 158
eENTRY ENTRYL;
END T1;

Task Bopy T1 1s
BEGIN
LOOP

ACCEPT ENTRY1; --'sync’ caALL ONLY
<SGS>

END LOOP;

END T1;
--wAIT FOREVER FOR CALL To ENTRYI

--gveN IF ENTRY]l HAS PARAMETERS ASSOCIATED WITH
-- 1T, THE ACCEPT BLOCK DOES NOT HAYE TO HAVE A
-- SEQUENCE OF STATEMENTS

20




SELECT STATEMENT
USED BY THE TASK TO ALLOW OPTIONS

SIMPLEST FORM IS THE SELECTIVE WAIT (WAIT FOREVER)

Task T1 1s
ENTRY ENTRYI;
ENTRY ENTR Y2;
END T1;

.

Tasx Bopy T1 1s
BEGIN
LOOP
SELECT
AcceprT ENTRY] po
<S>

END ENTRY];
<SQ0S>

OR
ACCEPT ENTRY2 po
<S0S>

eEND ENTRYZ;
<S0S>

~—AS MANY

!

OR' AND ACCEPT CLAUSES AS NEEDED

END SELECT;
END LOOP;
END T1;
-~WAIT FOR EITHER ENTRY1 or ENTRY2

21




SELECTIVE WAIT WITH ELSE (DON'T WAIT AT ALL)

Task T1 1s
ENTRY ENTRYI;
END T1;

Task Boby Tl rs
BEGIN
LOOP
SELECT
AccepT ENTRY1 po
<SOS>

END ENTRYL;
<S0S»
ELSE
<S0S>
END SELECT;
END _LOOP;
END T1;

[F THERE 1S NOT A CALLER waITING RJGHT NOW,
DO THE ELSE PART.

22
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SELECTIVE WAIT WITH ELSE, MULTIPLE
ACCEPTS

Task T1 1s
ENTRY ENTRYL;
ENTRY ENTRYZ;
END T1;

Task Bopy T1 1s
BEGIN
LOOP
SELECT
accepT ENTRYLl po
<SQS>

END ENTRY1;
<S0S>

accepT ENTRY2 po

OR

’

-~ AS MANY ‘OR’ AND "ACCEPT’' CLAUSES AS NEEDED

ELSE
<S0S>;
END SELECT;
END LOOP;
END T1;

23
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SELECT WITH DELAY ALTERNATIVE
(WAIT A FINITE TIME)

Task BoDY 11 1Is
BEGIN
LOOP
SELECT
ACCEPT ENTRY]l poO....

R
accepT ENTRYZ2.....]

DELAY 15.0; --SECONDS
<S0S>;
END SELECT;
END LOOP;
Exnp T1;

[F ENTRY1l CALLED WITHIN 15 SECONDS,
THEN YOU ACCEPT THE cALL. OTHERWISE,
AFTER 15 SECONDS YOU WILL DO SOMETHING.

(o

OR

I BN B ms B = am G T

N BN = By = s
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‘DELAY’ Rures

You MAY HAVE SEVERAL ALTERNATIVES
wiTH A DELAY STATEMENT.

SINCE DELAYS CAN BE STATIC, THE SHORTEST
DELAY ALTERNATIVE WILL BE SELECTED.

lERO AND NEGATIVE DELAYS ARE LEGAL.

You MAY NOT HAVE AN ELSE PART WITH
A DELAY, SINCE THE DELAY WOULD NEVER
BE ACCEPTED.

25




y

"DELAY' RuLEs

YoUu MAY HAVE SEVERAL ALTERNATIVES
wiTH A DELAY STATEMENT.

SINCE DELAYS CAN BE STATIC, THE SHORTEST
DELAY ALTERNATIVE WILL BE SELECTED.

LZERO AND NEGATIVE DELAYS ARE LEGAL-

You MAY NOT HAVE AN ELSE PART WITH
A DELAY, SINCE THE DELAY WOULD NEVER
BE ACCEPTED.
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SELECT WITH DELAY *LTERNATIVE
(WAIT A FINITE TIME)

Task Bopy T1 1s
BEGIN
LOOP
SELECT
ACCEPT ENTRY]l DO.ve.

OR
AccePT ENTRY2.....]
OR :
DELAY <EXPRESSION>;
<S0S>;
OR
DELAY <EXPRESSION>;
<S0S>;

==SHORTEST DELAY WILL GET CHOSEN
END SELECT,

END LOOP;
END T1;
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GUARDS CAN BE USED ON ANY ACCEPT
STATEMENT

""WHEN SOME_CONDITION =>
ACCEPT ENTRY1l ......

IF THERE 1s No GUARD, THE ACCEPT STATEMENT
I1s saip to Be OPEN.

[r THERE 1s A GUARD, anp THe WHEN conDiTION
1S TRUE, THE ACCEPT 1s ALso OPEN.

FaLse GUARD sTATEMENTS ARE sAID To BE CLOSED.

OPEN ALTERNATIVES ARE CONSIDERED. IF THERE 1S
MORE THAN ONE, THEN ONE IS SELECTED ARBITRARILY.

IF THERe ARe NO OPEN ALTERNATIVES (AND NO ELSE
PART), THE ExceEpTION PROGRAM_ERROR 1s rarseD.

27




TERMINATION

WHEN A TASK HAS COMPLETED ITS SEQUENCE
OF STATEMENTS, ITS STATUS IS COMPLETED

ADDITIONALLY, THERE IS AN OPTION THAT
ALLOWS A TASK TO TERMINATE.

SELECT
ACCEPT ENTRY]1 pOo «vee.

OR
ACCEPT ENTRY2 po.ev..]
OR
TERMINATE;
END SELECT;

THIS MAY NOT BE USED WITH EITHER THE
THE DELAY or AN ELSE crLAusE.

SINCE THIS IS USED ONLY WITH A 'WAIT FOREVER'
TASK, THIS OPTION ALLOWS A TASK THAT IS
WAITING FOREVER TO TERMINATE IF ITS PARENT
IS ALSO READY TO QUIT.

28




1°8¢

iiii TAILNA @31 shRemie 34I3TW

{ZAULNT 4220w

40

tLAYLNG 3dadde

108]8s

DTI3SITUIW.UIS]} 8P —-UON 8de s>se |




*4713SUN0OA L¥08Y OL g SI L1I N3IHL
‘9Y3 _NMOQLNHS, Y d3Ld3aADIY IAYH NOA d]

11193 NMOUQLNHS Y [1d30330Y, OL
AdLN3I NUY 3Isn 0l SI dOHLIW d¥3lLl389 O

*SAINUYLSKHWNIAUIID
YUY Ad3IANA NI ad3asn 394 ATINO da'1NOHS SIH|

*ILNIW3ILUYULS LY08Y OHL 9INISN (d13SLI
dO) SASUYL LNIAUN3IH3IA T11I AUKW LNJAYd Y

*INIIODIAINS LON SI
IAILUYNYILIY  JLYNIWNEL, Y ‘N3ALIQ

ASUL YU SNITIIA




e |

$7TL anN3
¢dOoO1 aN3a
¢123713s aN3

d31vd LON NMOOLNHS --

IJYIHM SISYT H0d —— $TLYNIWHIAL
yo
SMSYL SAN3 ‘do071 SLIX3A —— $1LIX3
3Y3H SNOILJY YUNId YIDIAJS—-—
¢{NMOJLNHS 14309V
STa
IY3IH d3IAA0ID 3IUY SLNIAWILYLS ——
1432209 d3dvIND3Iy IHL —-
19313s
JLIUNIWNHIL OL dOO11 LIX3 ——
JYIH SLUYULS SYL ——
3JHL 40 40071 SS3IIAN3 IHL —- 40071
NID3d

SI 7] AQod SV )

G N R BE A B BN B BN AN AN NN B T B BN BN s e
- I —————




S3adALl SS3I0JH ANVY d¥YIYIgG dOo4d SHUYOM ATINQ

SS3A0I0Y IAISNTIAXT ATIYUNLNAKW S3JHOANT

¢ (LD3rdQ-AW) Q3UYYHS YWOYHd
{3dA | -3WOG ¢ LO3ArdQ-AW

O3YYHS YWovNd

| *3IWIL 3IWYS
3HL 1Y NOILlUYWYOJNI 40 32314 3NO
31Yddn aNY SS3I00Y OL ONIAYL 3IHY
s3553008d OMl dI SW3Ig0odd ASNYI
NYD ,JONLNOD 40 SauayHL, 3IdILINY

WSI13T77YdYd HLIM SW3TH0dd

o ———————————————————————————————




QOHL3IW ¥H31l139 Y SI XHSUl U
NIHLIM KW3.liI Ylud Y 9NILYTINSJdYINT

(ONIT0d, S3ILOWO¥d-
123090 NY O1L SS3I0JY T10¥LNOD
OL a3sn 39 0S1Y NUD SIUOHIYWIG




TAsK SEMAPHORE 1s
ENTRY P; --GET RESOURCE

ENTRY V,; --RELEASE
END SEMAPHORE;
TASK BopYy SEMAPHORE 1s
AVATLABLE : BOOLEAN := TRUE;
BEGIN
Loop
SELECT
wHEN AVAJLABLE
ACCEPT P DO
AVAILABLE := FALSE;
END P;
OR
WHEN NOT AVAILABLE
ACCEPT V DO
AVAILABLE := TRUE;
END V;
OR
TERMINATE;

END LOOP;
eEND SEMAPHORE;




Task SpeciaL_Ops 1
ENTRY ASSTGN (
eNTRY RETRIEVE

eNDp SpeciaL_0Ops;

S
OBJeEcT : IN Some_TypPe );
( OBJeCT : ouT Some_TvypPe);

Task Bopy Speciar_Ops 1s
THE_OBJECT : SOME_TYPE;
BEGIN
LOOP
SELECT
AccePT ASSIGN(OBUECT:IN Some_TyPE)DO
Tue_OBJECT := OBUECT;
END ASSIGN;
OR
AcCCEPT RETRIEVE(OBuUECT:0UT SOME_TYPE)DNO
OBJecT := THE_OBJUECT:
ennp RETRIEVE;
OR
TERMINATE;
END SELECT;
END LOOP;
eEND SpPeciaL_Ops;
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1

CALL AND WAIT FOREVER

To CALL AN ENTRY, SPECIFY THE
TASK NAME AND THEN THE ENTRY NAME

BEGIN
T T1.ENTRY1(DATA);

35




TIMED ENTRY CALL
(WAIT FOR A FINITE TIME)

SELECT
T1.ENTRY1(DATA);
<S0S»

OR
DELAY 60;
<S0S> .

END SELECT;

YOU CANNOT USE AN ‘OR’ TO CALL TWO (or mMORE)
TASK ENTRIES!!!

TH1S wouLD BE EQUIVALENT TO STANDING IN TwO
DIFFERENT LINES AT ONCE-.




CONDITIONAL ENTRY CALLS
(DON'T WAIT AT ALL)

SELECT
T1.ENTRY1(DATA);
<S0S>

ELSE
<S0S>
END SELECT;

NOTICE THE 'ORTHOGONALITY' OR THE
SELECT sTATEMENT. IT IS USED IN
EITHER A TASK ENTRY CALL OR AN
ACCEPT STATEMENT.

ALSO NOTICE THAT INSTEAD OF
ACCEPT..-BEGIN.«+.END ACCEPT;
IT 1S
"ACCEPT...DO----END ENTRY_NAME;

WHY?7?77
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SYNCHRONIZATION OF DATA

TAsk SYNC 1s
eNTrRY UPDATE ( D
ENTRY READ (D
END SYNC;

TASK BopY SYNC 1s
LOCAL : DATA_TYPE;
BEGIN

LOOP

SELECT
accept UPDATE(DATA : 1~ DATA_TYPE) po
LOCAL := DATA;
END UPDATE;

TERMINATE;
END SELECT;

OR

SELECT
ACCEPT READ (DATA : out DATA_TYPE) bpo
DATA := LOCAL;
END READ;
OR
TERMINATE;

END SELECT;

END LOOP;
END SYNC;




FAMILIES OF ENTR.ES

TYPe URGENCY 1s (LOW, MEDIUM, HIGH);

TAsSK MESSAGE 1s
eNTRY RECEIVE(URGENCY) (DATA : DATA_TYPE);

eND MESSAGE;

Task BoDy MESSAGE 1s
BEGIN
LooP

SELECT
AccerT RECEIVE(HIGH) (DATA:DATA_TYPE) no

Enﬁ.ﬁECEIVE;
OR

wHEN RECEIVE(

accept RECEIV

END RECE[VE;
OR

HIGH) ' ¢ NT = ) =>
E(M EDI ) (DATA:DATA_TYPE) po

wHEN RECEIVE(HIGH) ' coun7+RECEIVE(MEDIUM) 'count=0 =>
AccepT RECEIVE(LOW) (DATA:DATA_TYPE) po
enD RECEIVE;
OR
Y 1.0; -- SHORT WAIT
END ME E
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SAME THING, WITH NO GUARDS
tYype URGENCY 1s (LOW, MEDIUM, HIGH);

TAsK MESSAGE 1s
eNTRY RECEIVE(URGENCY) (DATA : DATA_TYPE);

eND MESSAGE;

TAsk BoDY MESSAGE 1s
BEGIN
LooP

SELECT
accept RECEIVE(HIGH) (DATA:DATA_TYPE) po

END RECEIVE;
ELSE

SELECT
accepT RECEIVE(MEDIUM) (DATA:DATA_TYPE) po

END RECEIVE;
ELSE

SELECT
AccePT RECEIVE(LOW) (DATA:DATA_TYPE) no

end RECEIVE;

DELAY 1.0; -- SHORT WAIT
END SELECT;
END SELECT;
. END SELECT;
END MESSAGE;

OR

41.1




REPRESENTATION SPECIFICATIONS

LeneTH CLAUSE

T’STORAGE_SIZE

TASK TYPE T1 1s
ENTRY ENTR
For T1' STORKGE SIZE use
2000°SYSTEM.STORAGE_UNIT);

END T1;
THe PREFIX T DENOTES A TASK TYPE.
THE SIMPLE EXPRESSION MAY BE STATIC, AND IS USED

TO SPECIFY THE NUMBER 0S STORAGE UN[TS T0O BE
RESERVED OR FOR EACH ACTIVATION (NOT THE CODE) OF

THE TASK.

42
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Appress CLAUSE

TASK TYPE T1 1Is
ENTRY ENTRY_1
FOR Tl UuSE AT 16#167A#

Enp T1;

IN TH!S CASE, THE ADDRESS SPECIFIES THE ACTUAL
LOCATION IN MEMORY WHERE THE MACHINE CODE
ASSOCIATED WITH Tl wiLL BE PLACED.

Task T1 1s
ENTRY ENTRY 1;
ForR ENTRY_1 use AT 16#40%;

END T1;

IfF THIS case, ENTRY_]l wiLL BE MAPPED TO HARDWARE
INTERRUPT b4.

ONLY IN PARAMETERS " CAN BE ASSOCIATED WITH
INTERRUPT ENTRIES-

AN INTERRUPT WILL ACT AS AN ENTRY CALL ISSUED BY
THE HARDWARE, WITH A PRIORITY HIGHER THAN ANY
USER-DEFINED TASK-.

DEPENDING UPON THE [IMPLEMENTATION, THERE CAN BE

MANY RESTRICTIONS UPON THE TYPE OF CALL TO THE
INTERRUPT, AND UPON THE TERMINATE ALTERNATIVES.

NOTE: YOu CAN DIRECTLY CALL AN INTERRUPT ENTRY.

43
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TASKS AT DIFFERENT PRIORITIES

GIVEN § TASKS, 3 OF VARYING PRIORITY, 1 TO BE INTERRUPT
DRIVEN, AND 1 THAT WwILL BE TIED TO THE CLOCK-.

PROCEDURE HEAVY_STUFF 1s

TAask HIGH_PRIORITY 1s
PRAGMA PRIORITY(50); =~OR AS HIGH AS SYSTEM ALLOWS

ENTRY POINT;
eND HIGH PRIORITY

Task MEDIUM_PRIORITY 1s
PRAGMA PRIORITY(25);
ENTRY POINT;

END MEDIUM_PRIORITY;

Task LOW_PRIORITY 1s
PRAGMA PRIORITY(1);
ENTRY POINT;

END LOW_PRIORITY;

Task INTERRUPT_DRIVEN 1s
ENTRY POINT;
For POINT use AT 16#61%#; --iINTERRUPT 97

END [NTERRUPT_DRIVEN;

. Task CLOCK_DRIVEN 15
--THERE ARE TWO WAYS TO DO TH!S

--FIRST WAY IS TO HAVE ANOTHER TASK MON|{TOR
-~ THE cLock, AND carL CLOCK_DRIVEN.CALL

-~ EVERY TIME UNIT.

ENTRY CALL;

-~SECONMD waY S TG ACTuALLY Tie CALL To aN

-~ cLoCK INTERRUPT, AND L:T CALL DESTERMINE WHEN
-~ HE WISHES TO PERFORM AN ACTION

For CALL USE AT 16#32%; -=-ASSUME INTERRUPT 50

== IS A CLOCK INTERRIPT
enD CLOCK_DRIVEN;
END AEAVY_STUFF;
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TAasK QUEUE 1s

ENTRY INSERT(DATA : 1~ DATA_TYPE);
ENTRY REMOVE(DATA :out DATA_TYPE);
END QUEUE;
Task Bopy QUEUE 1s
HEAD,TAIL : INTEGER := 0;
Q : arrAY (1..100) ofF DATA_TYPE;
BEGIN
LOOP
SELECT :
wHEN TAIL - HEAD + 1 /= 0 AND THEN
TAIL - HEAD + 1 /= 100 =>
accePT INSERT(DATA : 1~ DATA_TYPE) po
1F HEAD = Q0 tHen HEAD := 1; END IF;
1 TAIL = 100 tHen TAIL :=0; enp 1F;
TAIL := TAIL + 1;
Q(TAIL) := DATA;
END INSERT;
OR
wHEN HEAD /= 0 =
AccerT REMOVE(DATA :out DATA_TYPE) oo
DATA := Q(HEAD),
1F HEAD = TAIL THEN
HEAD := 0;
TAIL := 0;
ELSE
HEAD := HEAD + 1;
1 HEAD > 100 THEN HEAD := 1; eEnD IF;
END IF;
END REMOVE;
OR
TERMINATE;
END SELECT;
END LOOP;

eNnD QUEUE;
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Task type QUEUE 1s
eNTRY INSERT(DATA : 1~ DATA_TYPE);
eNTRY REMOVE(DATA :out DATA_TYPE);
enp QUEUE;
Task Bopy QUEUE 1s
HEAD,TAIL : INTEGER := 0O;
Q : array (1..100) orf DATA_TYPE;
BEGIN
LOOP
SELECT :
wHEN TAIL - HEAD + 1 /= 0 AND THEN
TAIL - HEAD + 1 /= 100 =>
AccePT INSERT(DATA : I~ DATA_TYPE) po
1 HEAD = 0 THeEnN HEAD := 1; eEND IF;
1F TAIL = 100 TtHen TAIL := 0; END IF;
TAIL := TAIL + 1;
Q(TAIL) := DATA;
END INSERT;
OR
wHEN HEAD /= 0 =>
AccerT REMOVE(DATA :out DATA_TYPE) po
ATA := Q(HEAD);
1F HEAD = TAIL THEN
HEAD := 0;
TAIL = 0;
ELSE
HEAD := HEAD + 1;
1 HEAD > 100 THEN HEAD := 1; =npn IF;
END I[F;
END REMUOVE;
OR
TERMINATE;
END SELECT;
END LOOP;

enD QUEUE;
MY_QUEUE, YOUR_QUEUE : QUEUE; -- Two TASKS
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GE.JERIC
DATA TYPE : PRIVATE;
QUEUE_SIZE: POSITIVE := 100;

packaGe QUEUE_PACK 1s

TAsk QUEUE 1s
ENTRY INSERT(DATA : 1w DA}Q_{;PE);

ENTRY REMOVE(DATA :out DA PE);
END QUEUE;
PACKAGE BODY OUEUE_P CK 1s
TASK BobY QUEUE 1s
HEAD,TAIL : IN TEGER 1= 0;
Q@ : ARRAY (1..QUEUE_SIZE) orF DATA_TYPE
BEGIN
LOOP
SELECT
wHEN TAIL - HEAD + 1 /= 0 AND THEN
TAIL - HEAD + 1 /= QUEUE_SIZE =>
ACCEPT INSERT(DATA : 1~ DATA_TYPE) po
1r HEAD = 0 TtHEN HEAD := 1; enND IF;
tF TAIL = QUEUE_SIZE tHen TAIL := 0; enp i1F;
TAIL := TAIL + 1;
Q(TAIL) := DATA;
END INSERT;
OR
wHEN HEAD /= 0 =>
ACCEPT REMOVE(DATA :out DATA_TYPE) po
ATA := Q(HEAD);
1F HEAD = TAIL THEN
HEAD := 0;
TAIL := 0;
ELSE
HEAD := HEAD + 1;
1F HEAD> QUEUE _SIZE THewn HEAD := 1; &nn 1=;
END IF;
END REMOVE;
OR
TERMINATE;
END SELECT;
END LOOP;
END QUEUE;
packaGe NEW_QUEUE 1s new QUEUE_PACK(MY RECORD, 250)
packaGe OLD_QUEUE 1s New QUEUE_PACK(INTEGER);
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PROCEDURE INSE? EGER (DATA : I~ INTEGER ) RENnNAMES

T_1
OLD_QUEUE. INSERT;
E

NT

RT

PROCEDURE REMOVE_INTEGER (DATA :out INTEGER ) RENAMES
OLD_QUEUE.REMOVE

[}
)
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PROCEDURE SPIN (R : RESOURCE) 1s
BEGIN
LooP
SELECT
R.SEIZE;
RETURN;
ELSE
NULL; =-BUSY WAITING
END SELECT;
END LOOP;
END;

--OR--

PROCEDURE SPIN (R : RESOURCE) 1s
BEGIN

R.SE1ZE;

RETURN;
END;
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IN-CLASS EXERCISE

LET US DESIGN THE TASK SPECIFICATIONS FOR THE FOLLOWING
SENARIO-

THREE TASKS HAVE ACCES TO A TYPE KNownN As MESSAGE_TYPE.

TASK_1 PRrRODUCES MESSAGES. TASK_2 CAN RECEIVE MESSAGES,
" HOLD THEM IN A BUFFER (1F NECESSARY), AND SENDS THEM TO
TASK_3 WHEN THE DATE/TIME FIELD (PART oF MESSAGE_TYPE)
SAYS TO.

TAsKk TASK_1 1s

END TASK_1;

Task TASK_ 2 1s

END TASK_ 2;

Task TASK_3 1s

END TASK_3;
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TASKING EXERCISE

WRITE A MAIN PROGRAM AND TWO TASKS TO SIMULATE A HOUSE ALARM
SYSTEM. THE MAIN PROGRAM IS AN INPUT SIMULATOR TO THE
TASKS. ONE TASK KEEPS TRACK OF THE STATUS OF THE HOUSE.
ANOTHER IS THE ACTUAL ALARM SYSTEM.

Task 1: THE House Status (Task Name :HOUSE)
THREe ENTRIES => 0K, NOT_OK, WRITE

THE ENTRIES 0K AND NOT_OK SET OR RESET A FLAG THAT
DETERMINES THE STATUS OF THE Houst. NOT_OK wiLL ALSO SET A
VARIABLE TO TELL YOU WHICH ALARM IS CURRENTLY GOING OFF.
Both OK AND NOT_OK sHOULD PRINT OUT A MESSAGE VERIFYING THAT
THEY WERE CALLED. THE WRITE ENTRY WILL PRINT THE STATUS OF
THE HOUSE. [F THERE IS AN ALARM CURRENTLY GOING OFF, WRITE
WILL TELL YOU THE ALARM NUMBER.

Task 2: THE ALARM SysTEM (Task NAME: ALARM) .
THRee ENTRIEs => FIRE, INTRUDER, SHUTOFF

THE ALARM SYSTEM WILL ACCEPT ANY OF THE THREE ENTRY
CALLS FROM THE INPUT SIMULATOR. [F THERE ARE NO ENTRY CALLS
WITHIN 5 seconps, 1T witL caLL HOUSE.WRITE 7o DISPLAY THE
sTaTus. FIRE aAnD INTRUDER EACH HAVE A PARAMETER INDICATION
THE ALARM LOCATION. FIRE tLocaTions ARE ‘1’ THrRU '9'.
INTRUDER vrLocaTions ARe ‘A’ THRU 'I'. FIRE anp INTRUDER
SHouLD catL HOUSE.NOT_OK (AND TELL THE HOUSE WHERE THE ALARM
IS SOUNDING), AND THEN PRINT OUT A MESSAGE

MAIN PrROGRAM

THE MAIN PROGRAM WILL READ IN CHARACTERS FROM THE
KEYBOARD. [F THE CHARACTER IS A ‘1’ THRU ’9’, CALL THE FIRE
ALARM. [F THE CHARACTER 1S A A’ THRU ‘I’ THEN IT CALLS THE
INTRUDER ALARM. |F THE CHARACTER Is A '0'(ZERO), THE HOUSE
1S RESET 70 OK. IF THE CHARACTER s A ‘!’', THEN THE ALARM
IS SHUTDOWN, AND THE PROGRAM ENDS. ALL OTHER CHARACTERS DO
NOTHING.

THE HOuse STATus sHouLD BE OK To START-
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run cookie

The house is ok
The house is ok
&

Invalid character. Try again

The house is ok

G

House alarm set to not OK at location G

Intruder in room G

The house is not ok ..alarm is off at

The house is not ok ..alarm is off at

4

House alarm set to not OK at location
Fire Alarm # 4 has been.set off.

The house is not ok ..alarm is off at

@
House alarm reset to OK.

The house is ok

The house is ok

]
The alarm has been turned off

*)
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location G
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wi.n TEXT_10;
use TEXT_TO;

proceDpure COOKIE 1s
CHAR : CHARACTER;

Task HOUSE 1s
ENTRY 0K;
eNTRY NOT_OK (WHERE:CHARACTER);
ENTRY WRITE;

enp HOUSE ; :

TASK ALARM 1s
ENTRY FIRE
ENTRY INTR
ENTRY SHUT

END ALARM ;
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Task Bopy HOUSE 1s

type CONDITION 1s (0K, NOT_O0K):
ALARM_STATUS : CONDITION = 0K ;
ALARM_LOCATION : CHARACTER;
BEGIN
LOOP
SELECT
accept 0K po
- ALARM_STATUS := 0K;
PUT_LTNE(“House ALARM RESET To 0K.");
enp 0K;
OR

Accert NOT_O0K (WHERE:CHARACTER) po
ALARM_STATUS := NOT_0K;
ALARM_LOCATION := WHERE;
PUT_ TNE('House ALARM SET TO NOT 0K AT"2
“LocATION “ & ALARM_LOCATION);
eENp NOT_OK;

OR
accepT WRITE po
NEW_LINE;
CASE ALARM STATUS 15
wHEN 0K =>PUT_LINE(“THE HOUSE 's OK“);
wHenN NOT_OK => PUT_LINE
('THE HOUSE IS NOT OK"“%
«ALARM IS OFF AT LOCATION “ &
ALARM_LOCATION);
END CASE;
NEW_LINE;
eEND WRITE;
OR
TERMINATE;
END SELECT;
END LOOP;
END HOUSE ;
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TAsk BoDY ALARM 1s
BEGIN
LOOP
SELECT

OR

END

OR
ACCEPT S
PUT_LINE
EXIT;

OR
DELAY 5.0
HOUSE .WR!

END SELECT;

END LOOP;
END ALARM;
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BEGIN --MAIN
LOOP
GET (CHAR);
SKIP_LINE;

CASE CHAR‘1§

wHEN ‘1’ .. ’9: => ALARM.FIRE (CHAR);
WHEN ‘A’ .. "2’ => ALARM.INTRUDER (CHAR);
wHEN ‘A’ .. ‘7" => ALARM.INTRUDER (CHAR);
wHEN ‘0’ => HOUSE.OK;
wHEN !’ => ALARM.SHUTOFF;
WHEN OTHERS => PUT_LINE
("INVALID CHARACTER. TRY AGAIN");
END CASE;
ExiT WHEN CHAR = '!’;
END LOOP;

enp COOKIE;
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Outline

=> Overview

* Naming an exception

» Creating an exception handler

- Raising an exception

« Handling exceptions

+ Turning off exception checking

« Tasking exceptions

+ More examples

« Summary




« What is an exception

- Ada exceptions

« Comparison

Overview

- the American way

- using exceptions




What ls an Exception

A run time error

An unusual or unexpected condition
A condition requiring special attention
Other than normal processing

An important feature for debugging

A critical feature for operational software




Ada Exceptions

» An exception has a name

- may be predefined

- may be declared

« The exception is raised
- may be raised implicitly by run time system

- may be raised explicitly by raise statement

« The exception is handled
- exception handler may be placed in any frame*
- exception propagates until handler is found

- if no handler anywhere, process aborts

* executable part surrounded by begin - end




The American Way

package Stack_Package is
type Stack_Type is limited private;

procedure Push (Stack : in out Stack_Type;
Element 2in Element_Type;
Overtflow_Flag :out  BOOLEAN);

end Stack_Package;

with TEXT_IO;
with Stack_Package; use Stack_Package;
procedure Flag_Waving is

Stack :Stack_Type;

Element : Element_Type;

Flag : BOOLEAN;
begin

Push (Stack, Element, Flag);
if Flag then
TEXT_IO.PUT ("Stack overflow");

end if;

end Flag_Waving;




Using Exceptions

package Stack_Package is

type Stack_Type is limited private;
Stack_Overflow,
Stack_Underflow : exception;

procedure Push (Stack rinout Stack_Type;
Element :in Element_Type);
-- may raise Stack_Overflow

end Stack_Package;

with TEXT_IO;
with Stack_Package; use Stack_Package;
procedure More_Natural is

Stack : Stack_Type;
Element : Element_Type;
begin

Push (Stack, Element);
exception
when Stack_Overflow =>

TEXT_IO.PUT ("Stack overflow");

end More_Natural;




Outline

* Qverview

=> Naming an exception

» Creating an exception handler

 Raising an exception

» Handling exceptions

« Turning off exception checking

« Tasking exceptions

* More examples

« Summary




Naming an Exception

» Predefined exceptions
- Declaring exceptions

 1/O exceptions




*

Predefined Exceptions

In package STANDARD (also see chap 11 of LRM)

CONSTRAINT_ERROR

violation of range, index, or discriminant constraint...

NUMERIC_ERROR

execution of a predefined numeric operation cannot
deliver a correct result

PROGRAM_ERROR

attempt to access a program unit which has not yet
been elabcrated...

STORAGE_ERROR

storage allocation is exceeded...

TASKING_ERROR

exception arising during intertask communication

10




Declaring Exceptions

exception_declaration ::= identifier_list : exception;

» Exception may be declared anywhere an object declaration
is appropriate
» However, exception is not an object

- may not be used as subprogram parameter, record
or array component

- has same scope as an object, but its effect may
extend beyond its scope

Example:
procedure Calculation is

Singular : exception;
Overtflow, Underfiow : exception;

begin

..

end Calculation;




/O Exceptions

+ Exceptions relating to file processing

» In predefined library unit IO_EXCEPTIONS
(also see chap 14 of LRM)

« TEXT IO, DIRECT IO, and SEQUENTIAL_IO with it

package [O_EXCEPTIONS is

NAME_ERROR : exception;

USE_ERROR . exception; --attempt to use
--invalid operation

STATUS_ERROR : exception;

MODE_ERROR . exception;

DEVICE_ERROR : exception;

END_ERROR . exception; --attempt to read
--beyond end of file

DATA_ERROR : exception; --attempt to input
--wrong type

LAYOUT_ERROR : exception; --for text proct ssing

end IO_EXCEPTIONS;

12
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Creating an Exception Handler
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Defining an Exception Handler

» Exception condition is "caught" and "handled" by an exception
handler

+ Exception handier may appear at the end of any frame (block,
subprogram, package or task body)
begin
exception

-- exception handler(s)
end;

« Form similar to case statement

exception_handler ::=
when exception_choice {| exception_choice} =>
sequence_of statements

exception_choice ::= exception_name | others




Reslrictions

Exception handlers must be at the end of a frame

Nothing but exception handlers may lie between exception
and end of frame

A handler may name any visible exception declared or
predefined
A handler includes a sequence of statements

- response to exception condition

A handler for others may be used
- must be the last handler in the frame
- handles all exceptions not listed in previous
handlers of the frame

(including those not in scope of visibility)

- can be the only handler in the frame

16
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Handler Example

procedure Whatever is
Problem_Condition : exception;

begin

exception

when Problem_Condition =>
Fix_It;

when CONSTRAINT_ERROR =>
Report_lt;

when others =>
Punt;

end Whatever:

17
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Raising an Exception

Elaboration and execution exceptions

How exceptions are raised

Effects of raising an exception

Raising example




Elaboration and Execution Exeeptions

 Elaboration exceptions occur when declarations are being
elaborated

- after a unit is "called”
- before execution of the unit begins

- can only be predefined exceptions
« Execution exceptions occur during execution of a frame
« Elaboration exceptions can also be considered as execution
exceptions
- depending on viewpoint
- can consider as part of the execution of the last
executable statement making the call to the unit

being elaborated

- this helps with understanding the consistency of
the rules for exception handling

19a




How Exceptions are Raised

« Implicitly by run time system

- predefined exceptions

 Explicitly by raise statement

raise_statement ::= raise [exception_name]};

- the name of the exception must be visibie at the

point of the raise statement

- araise statement without an exception name is
allowed only within an exception handler

20




Effects of Raising an Excsption

(1) Control transfers to exception handler at end of frame
being executed (if handler exists)

(2) Exception is lowered
(3) Sequence of statements in exception hander is executed
(4) Control passes to end of frame

- If frame does not contain an appropriate exception handler,
the exception is propagated - effectively skipping steps
1 thru 3 and going straight to step 4

21




Ralsing Example

procedure Whatever is

Problem_Condition

begin
if Problem_Arises then
raise Problem_Condition;
end if;
if Serious_Problem then
raise Real_Bad_Condition;
end if;

excetion

when Problem_Condition =>
Fix_It;

when CONSTRAINT_ERROR =>
Report_It;

when others =>
Punt;

end Whatever;

. exception;
Real_Bad_Condition  : exception;
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Handling Exceptions

How exception handling can be useful

Which exception handler is used

Sequence of statements in exception handler
Propagation

Propagation exampia
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How Exception Handling Can Be Usaiul

» Normal processing could continue if
- cause of exception condition can be "repaired"”
- alternative approach can be used

- operation can be retried

» Degraded processing could be better than termination

- for example, safety-critical systems

« If termination is necessary, "clean-up" can be done first

25
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Which Exception Handler ls Used

« When exception is raised, system looks for an exception
handler at the end of the frame being executed

« If exception is raised during elaboration of the declarative
part of a unit (unit is not yet ready to execute)

- elaboration is abandoned and control goes to the
end of the unit with the exception still raised

- exception part of the unit is not searched for an
appropriate handler

- effectively, the calling unit will be searched for an
appropriate handler
-- consistent with execution viewpoint

- if elaboration of library unit, program execution is
abandoned
-- all library units are elaborated with the
main program
« If exception is raised in exception handler

- handler may contain block(s) with handler(s)

- if not handled locally within handler, control goes
to end of frame with exception raised




Sequence of Statements In Exception
Handler

« Handler completes the execution of the frame
- handler for a function should usually contain a
return statement
» Statements can be of arbitrary complexity

- can use most any language construct that makes
sense in that context

- cannot use goto statement to transfer into a
handler

- if handler is in a block inside a leop, could use exit
statement

« Handler at end of package body applies only to package
initialization

27




Propagation

Occurs if no handler exists in frame where execution
exception is raised

Always occurs if elaboration exception is raised

Also occurs if raise statement is used in handler

Exception is propagated dynamically

- propagates from subprogram to unit calling it
(not necessarily unit containing its declaration)

- this can result in propagation outside its scope
- task propagztion follows same principle, but a
little more complicated
» Propagation continues until
- an appropriate handier is found

- exception propagates to main program (still with
no handler) and program execution is abandoned

28



Propagation Example

procedure Do_Nothing is
procedure Has_lt is
Some_Problem : exception;
begin
raise Some_Problem;
exception
when Some_Problem =>
Clean_Up;
raise;
end Has_lt;
procedure Calls_lt is
begin

i:las_lt;
end C;IIs_It;
begin -- Do_Nothmg
E)alls_lt;
except.;on

when others => Fix_Everything;
end Do_Nothing;




Outline

Overview

Naming an exception

Creating an exception handler

Raising an exception

Handling exceptions

=> Turning off exception checking

- Tasking exceptions

» More examples

« Summary




Turning Off Exception Checking

« Overhead vs efficiency

» Pragma SUPPRESS

« Check identifiers
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Overhead vs Efficiency

« Exception checking imposes run time overhead

- interactive applications will never notice
- real-time applications have legitimate concerns
but must not sacrifice system safety

* When efficiency counts

- first, make program work (using good design)

- be sure possible problems are covered by exception
handlers

- check if efficient enough - stop if it is

- if not, study execution profile
-- eliminate bottlenecks
-- improve algorithm
-- avoid "cute" tricks

- check if efficient enough - stop if it is

- if not, trade-offs may be necessary

- some exception checks may be expendable since
debugging is done

- however, every suppressed check poses new
possibilities for problems
-- must re-examine possible problems
-- must re-examine exception handlers

- always keep in mind
-- probiems will happen
-- critical applications must be able to
deal with these problems
32




Moral

Improving the design is far better - and easier in
the long run - than suppressing checks

32a




Pragma SUPPRESS

« Only allowed immediately within a declarative part or
immediately within a package specification

pragma SUPPRESS (identifier [,[ ON =>] name]));
- identifier is that of the check to be omitted

(next slide lists identifiers)

- name is that of an object, type, or unit for which
the check is to be suppressed

-- if no name is given, it applies to the

remaining declarative region

« An implementation is free to ignore the suppress directive
for any check which may be impossible or too costly to
suppress

Example:

pragma SUPPRESS (INDEX_CHECK, ON => Index);




Check ldentifiers

» These identifiers are explained in more detail in chap 11 of
the LRM

» Check identifiers for suppression of CONSTRAINT_ERROR
checks
ACCESS_CHECK
DISCRIMINANT_CHECK
INDEX_CHECK

LENGTH_CHECK
RANGE_CHECK

» Check identifiers for suppression of NUMERIC ERROR checks
DIVISION_CHECK
OVERFLOW_CHECK

« Check identifier for suppression of PROGRAM_ERROR checks

ELABORATION_CHECK

- Check identifier for suppression of STORAGE_ERROR check

STORAGE_CHECK

34
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Tasking Exceptions

- Exception handling is trickier for tasks
« Exceptions during task communication

» Tasking example
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Exception Fandling ls Trickier for Tasks

» Rules are not really different, just more involved

- local exceptions handled the same within frames
If exception is raised

+ during elaboration of task declarations
- the exception TASKING_ERROR will be raised at the
point of task activation (becomes execution
exception in enclosing subprogram)

- the task will be marked completed

« during execution of task body (and not resolved there)
- task is completed

- exception is not propagated

* during task rendezvous

- this is the really tricky part

37




Exceptions During Task Communication

If the called task terminates abnormally

exception TASKING_ERROR is raised in calling task at the

- point of the entry call

If an entry call is made for entry of a task that becomes
completed before accepting the entry

exception TASKING_ERROR is raised in calling task at the
point of the entry call

If the calling task terminates abnormally
no exception propagates to the called task
If an exception is raised in called task within an accept (and
not handled there locally)
the same exception is raised in the calling task at the point
of the entry call

(even if exception is later handled outside of the accept in
the called task)

38




Tasking Example

procedure Critical_Code is

Failure : exception;

task Monitor is

entry Do_Something;
end Monitor;
task body Monitor is

begin
accept Do_Something do

raise Failure;

end Do_Something;

exception -- exception handied here
when Failure =>

Termination_Message;
end Monitor;

begin -- Critical_Code
Monitor.Do_Something;

exception -- same exception will be handled here
when Failure =>

Critical_Problem_Message;

end Critical_Code;
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More Examples

* Interactive data input

- Propagating exception out of scope and back in

» Keeping a task alive

41




Interactive Data lnput

with TEXT_IO; use TEXT_IO;
procedure Get_Input (Number : out integer) is

subtype Input_Type is integer range 0..100;

package Int_io is new INTEGER_IO (Input_Type);

In_Number : Input_Type;

begin -- Get_Input
loop -- to try again after incorrect input
begin -- inner block to hold exception handler

put ("Enter a number 0 to 100”);
Int_io.GET (In_Number);
Number := In_Number;

exit; -- to exit loop after correct input

exception
when DATA_ERROR =>
put ("Try again, fat fingers!");
Skip_Line; -- must clear buffer
end; -- inner block

end loop;

end Get_Input;
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Propagating Excsplion Out of Scope and
Back In

declare
package Container is
procedure Has_Handler;
procedure Raises_Exception;
end Container;
procedure Not_in_Package is
begin
Container.Raises_Exception;
exception
when others => raise;
end Not_in_Package;
package body Container is
Crazy : exception;
procedure Has_Handler is
begin
Not_in_Package;
exception
when Crazy => Tell_Everyone;
end Has_Handler;
procedure Raises_Exception is
begin
raise Crazy;
end Raises_Exception;
end Container;
begin
Container.Has_Handler;
end;

43




Keeping a Task Alive

task Monitor is
entry Do_Something;
end Monitor;

task body Monitor is

begin
loop -- for never-ending repetition
select
accept Do_Something do
begin -- block for exception handler
raise Failure;
exception
when Failure => Recover;
end; -- block
end Do_Something; -- exception must be
-- lowered before exiting
end select;
end loop;
exception

when others =>
Termination_Message;
end Monitor;
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